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ABSTRACT 

Training devices should be designed to provide 
efficient learning conditions, especially guided practice and prompt 
feedback. These devices can be more useful than their operational 
equipment counterparts because they facilitate the focusing of 
learner attention on particular components of a total operation, they 
make operations visible for study, and they provide opportunity for 
ample student practice within allowable budgets. Design of thesa 
devices should begin from an analysis of performance objectives, the 
skills needed to meet them, and the characteristics of the trainees. 
Various training devices are particularly suited to the teaching of 
identification, facts and relationships, principles, sequential or 
variable procedures, diagnostic or motor skills. Classroom 
instructors may employ visual aids to assist them in their training 
functions. Use of mock-ups, animated wall displays, transparencies, 
wall charts and films should be aimed at motivating students and 
maximizing their personal response to the instruction. Photographs 
and drawings of training devices used in aviation and electronics 
illustrate the report. (KB) 
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DESIGN OF TRAINING AIDS AND DEVICES 
Arthur A. Lumsdalne 



^■r. Chjrles :i. Bray and Dr. Rcbert ;:. Gacne' provided vvmy 
helpful Gvci:ij:-ticnz in their revie\;3 of a draft of this chapter, 
ilieir acGiotunce i3 o^^tefully ac/.novledged. 



Some Basic Considerations in Training-Device Design 



■h::!t Is "iraininr: v 



M'icn we cay a r.an is "in training" — Gay, fcr an athletic contest cr 
fcr r.liitary service in the infantry- -\;e are likely to have in mind either 

t'X- cUrferent things. One is the process of physical hardening or 
toughening that builds strength and endurance • The other is the acauisition 
imd perfection of physical and mental skills acquired tlirough practice, 
coaching and study. Scmetimes the two ore built through the same events-- 
for example, practice in pitching a baseball may serve both to strengthen 
-nd to perfect the skilled motor coordination needed to get the ball over 
the plate. 

However, it is important to distinguish the two meanings of "training." 
^:.;therwise it is easy to make faulty assumptions about what is reauired of a 
training procedure or a piece of training equipment. In this book we are 
primarily concerned with training in the latter sense--developing required 
hiu-an capabilities through the learninp; of skills and knowledges that are 
needed fcr performing technical duties in military or industrial jobs. Ue 
'/ill assume that the capabilities required have been identified through 
proceduares such as those described in Chapters 2, 3 and 9. 

To develop these capabilities, we need to arrange efficient conditions 
of learning . For these, mere exercise or practice is not necessarily 
enough. Conditions of practice c^re needed that will lead the trainee to 
practice dolnf: the rin:ht thinr; at the right time, to enable him to correct 
his errors, to le-jm necessary discriminations. Almost any form of physical 
exercise may help serve the ends of "training" in the toughening sense. But 
only well-designed learning situations will train effectively in the sense 
of teaching, '..^ithout these, the practice or exercise may serve no purpose. 
It may \:cii:te instructional time on irrelevant activities. V/crse, it may 
result in mistraining-.-teaching a man habits or information that vail hinder 
J<j;; ptrrformance rather than help it. 
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Cliiczcc or Ti'-iinin/: Evviee.. 



by a ' ' |- 1 • g i n i n d c \- i c e " we mean any •ii'^ran{;,eiiient of equlninent, 
ccnipcnentc, apparatur: or :naterialG that provides conditions to help a 
trainee to learn a task ir.ore efficiently than he could otherwise do. By 
."i " task " ^-e r::ean scir.ethinc he needs to be able to do in order to fill a 
,^pccii'iod jvjb in a rnilitciry or industrial orc-nization or similar insti- 
t:ution--e.G. ^ the many diverse tasks required in piloting a B-58 bomber, 
ti'cubleshcotin.5 a fire-control system^ overhauling a truck motor, opera- 
ting a station in a ccirj rami cat ion network, or progroiuning a digital 
ccmputer • 

Training devices include various foniir^ of two-dimensional displays of verbr*.!^ 
sv.:a"olic or pictoric^l nature, including motion pictures and other forms of 
projected materials such as slides and tr.?nsparencies, as veil as wall charts 
and the like* They also include varictis configurations of real or simulated 
thx^ee-dir.ensicnal ccmpcnents arranged either as a student-operated trainer or 
as a classrocr.i display. 

I/ithin the general field of training devices, we sometimes make a 
distinction between training aids and training equipment . Actually this 
discrimination is a quite fuzzy one, partly because there is more than 
one basis for distinction, so that different persons and different organi- 
zations don't al';ays agree on the usage of the terms. For this reason, we 
'. ill not attem-pt to m.ake a rigid, air-*cight classification. 

In general, though, we can say that training aids are usually devices 
that are used by an instructor, often in a classroom, to help him present a 
subject m.atter. They may be either two-dim^ensional aids (such as charts or 
slides), or may include equipment m.cek-ups or components. The term training 
aids is also scm,etim.es used to refer to de" ices used to present training 
r:aterials--f cr exELmple, projectors or tape recorders. 

The term trainin/^ equipm.ent is sometimes used also to refer to pro- 
jectors or similar devices, but more often it implies a specialized kind of 
oquipm.ent which provides for seme form of active practice by a trainee, 
rfcwever, since such distinctions are not hard and fast^ we irLll most often 
use the generoT term, "devices' except when the more restrictive terms "aids" 
cr ''equipmiOnt" seem, clearly m.ore appropriate. 

A sima-ilator is a more or less separate class of training equipment 
which, as the nam.e implies, attempts to reproduce or simulate an operational 
situation. Extent of siiTiulation is of course a matter of degree^ and any 
device which provides for direct practice of important job tasks is in a 
sense a simulator. Hovrever, the term is m.ost often applied to highly com- 
plex training devices such as flight simulators that attempt to reproduce 
fully all of the operational characteristics of an aircraft^ including the 
'.;2y it responds to the pilot's control actions. 
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-•ii:^.ul.-j.tor:: v/ill net be treated expliciily In the present chapter. This 
evciuoion Lipplie:;. to 3i;.;ulatcrc for complex tc:uii oporationc^ .and -Ir.o to 
..unmlatorc ;;hich provide total jimiaviticn of the environmental catuatlon 
f:jccd by the pilot of advanced rii{;,^ht syGteiiiu such as a B-5O hcinber. Hcv- 
lu'ver^ the ccope of the chapter docs include training equipment in the form 
of "part-ta.-^k" trainer j for effective teacJiinc of ccmr.-:neiri. ond 
rrocedmx-s on which mca^e ccmplex operationc must be built. 

Jcme of the basic principles dealt vath here in the case of simpler 
^k'Vices are^ of course^ also applicable to the design of complex- system 
simulators. Their successful application in a complex simulator, however, 
generally demands the skills of a human factors engineering staff with 
•advanced experience. The present chapter is intended, on the other hand, 
primarily for the less experienced training-equipment designer who is con- 
cerned with training men to perform tasks required in (l) operating and 
.•maintaining somewhat less complex systems or (2) performing specific tech- 
nical duties on components or particular aspects of complex- system operation 
i^r.d mainteni^nce. 



:ihy Do lie Heed Training; Devices ? 

This simiple-sounding question is really not such a simple one because 
it really includes several related questions. The answers to these ques- 
tions help point up some of the needed characteristics for good training 
devices. 

Use of Operational Eauipm.ent : If we are training an equipment 
operator, -rry not train him with the real equipment? There are several 
answers to this. Cne is: Scmetim.es we should, and do . This is particu- 
larly likely if the equipment and the tasks it requires are fairly simple 
ones--say^ cleaning a rifle or perhaps adjusting a carbixretor. It is 
Linlikely that we woLdd want to construct a special substitute for the rifle 
which woLild be better than working with the real thing for training. Even 
here, though, some charts or even a demonstration film may be very useful as 
training aids to guide the student through the proper steps of assembly or 
disassembly of the weapon. And we may want to use an old or inexpensive 
rifle ijntil skills and precautions are learned so the trainee will not 
ignorantly damage a fine piece. 

But m.ore often the problem, is not so simple. The real equipm.ent may 
be scarce, or even ::^nexistent . This is the case, for example, when one is 
conducting training in advance for maintenance of a weapons system that is 
still under development. Even if available, the real equipment may be very 
eicpensive, and for m.any aspects of training a simpler, cheaper substitute may 
serve as i;ell. Furthermore, practicing on the real equipment before necessary 
basic skills and knowledges are mastered may be hazardous to personnel as well 
as damaging to the equipment. 
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ii':0.: -'.r "l'\;L;'..i:';:,iiJ::" 111 'I'i'a [ 1 1 11 1; - : [(;:■.,: ui A' i < 1 1 y , ':V-!1 \'!H.'!: licnt- i^C 

thu '.ibuvo r<.;'i;'oi! J MpplV;, Ihe real uoMirMruL i;.:'.y ikA\ n.L'L.jvldi..: i.'i' i.^' i uii : cai- 
Hiti'Ui:' \\\v ti-aiain/;. One criiai.;)! nco:! I'oi* i./l'i'i.ciMjnt luarn.iiir: .],:■ - vay \r> 
r^ilSv tht' :;-tii-.ieul. to rcrrorni oori'cctly :n iie (lee:j act malce eia*' ri'—'CVy i.r lu- 
:::akej theM;, l:o inrprn him iii'Mcdiatcly and cl]o\r ho\i to ccrre'.;' t. tti'^i:!, i7;i.th 
:;:any k.i>v.:;j of '■:r:..t\l.ev ecnnn;ient or ::y ;; tcia;:: , tluj Iriaul of :ii;j::ecI.Late feerj bad: 
'■...) tbjj jtr.dca:t or .^pei-ator i.G I'.ickin/-": Tiie conr:eqacnce:: oi' an e^ri'oi- may not 
'~ M-oparont until much 'a^o late. Iho annaratUG foatia-ea that wn: needed t> - 
)M.'ev-nt; report and correct errorj erficiontly to thu novice -nay h)e nndeaii'- 
!-ble ua* unr';ac:iolu in the operational e(iviiriiiont--i."or rcajona c.l' Lvpace^ v^-iflit, 
i <-j..ip.l.jvity, or coi:t. 

Fi'Dviiiinf; tiieao fe:,itiii'eG in the trainln,''; ;'ituati.on may involve a trainin^^ 
device In '.-i-iicii vcce-Gory appaj^atnc i::. added to the operational equipment. 
Alternatively^ Lt may ae better to cc^natruct a opecial device eapecially 
for pia-posoo oi' traininc. This can have the frjatures needed for effective 
learning;, but doeo not necoGcarily recarire all the cninponcnt::^ or featurec 
of th.e opcavational eriuipricnt , TIiug^ the training-; device moy be more coatly 
than the latter^ or .::ay he much leas costly, 

Concentratinr; on the Cruct-il Job Gperationo : Another important 
characteristic of an efficient learning situation is that the trainee is 
[^iven ample opportunity to practice all the various operations he i.aay have 
to perform on the Job. Often this is not feasible in the operational 
situation. 

Consider the case of troubleshooting;, or diagnosis of malfunctions. 
For ccriple:: equipment systems this is one of the most important and often 
:;i03t difficult tasks that faces us in training a maintenance technician. 
hut a ';ell-deGigned piece of operational equipment m.ay malfunction only 
rarely. Certain types of m.alf unctions may occur very infrequently indeed. 
Consequently^ in order to provide adequate practice in identifying or diag- 
nosing these malfunctions in operational equipment^ the malfunctions would 
have to ce inserted artificially. 

This may be unfeasible for a variety of reasons. It may be too 
e:-:pensiiyC;, too dangerous^ too costly^ or too time consLuning. Therefore^ to 
get efficient conditions for training^ ',:e need to x->^ovide a training device 
that permits all ncrm.ally encountered malfunction symptoms to be inserted 
readily and observed in a vay that provides for efficient practice in diag- 
nosing and correcting them. Fi.u:ther^ ^.;e ^rant a device that requires the 
trainee to perform the proper checking sequences to identify the malfunc- ■ 
tioning elem.ent in the system. However^ ve i;ant to do this as efficiently 
as possible and not waste the trainee time on parts of the operation that 
are not essential to vhat he has to learn. 

For exajnple^ many checking and adjustment procedm^es require access to 
internal ports that are difficult and tim.e consuming to get at. It may be 
necessary to disassemble a ccmplex assembly^ or reiiiove a cover plate with 
20 zcroMCj in order to get at the part to l:>o worked with. Cn the Job this 
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i.c^i.-.'.rL..v it:. ;;.]... (!x.\.'l:V..,t, .x-o Cluipter o ,,n ck-:.L,Tn of onuiriiient f.T 

-'^ '••^•'•I'tcr.'ince). iAit in a triiininr citiiatlcn an important principle Jr 
•.r-.t .noot o r the iitucient'c tlinc should be dcvr)tod to lo:irninn the thln/'a 
tn:rc ^iro duiMoilt to learn. Readily learned, (or already learned) routine 
.u.peet: oi a !;!,■!: -Iiould tliercrorc be diopcnr.ed witli. The student -should 
::u.t \t:ictij lar;',<; M.viount of inotruction time tuiGcre\/ i .., : belts cr inakinp- 
.-.ther i.;r.nec,:.jjar,y proparaticnc fcr ^c-ttinc at the elci-icntn of equipment on 
•..i: .C!i pr'tctic-u ir: ..u-rt needed. 

.'.(-ir.el.L:::.T bhla condition can he inot by adapting operational equipraent— 
...lari.xnc vitn li already partly dicascenbled, lioldinc on a cover plate with 
.iy:vo two ccrowc, and ao forth. Often, however, efficient utilization of a 
.tudeut txv.:o. ro,|uiroa .Tnecial cnuipinent docicnod cxpreccly co that most 
t c-in r.o dev...,t.:-.l to the kinds of practice that he needs most to 

.3ci::evl:at Lar.iiar considcrrations apply in traininc the operator of 
ccr.ple:-: oqui^rrr.cnt systciTis. Certain eniercency T^rocedm-es are required for 
.situations vhich ./.ust be met when and if they do arise, but which arise 
.^.clac-n and '..•h.icli it would be very dangerous or impossibly expensive to pro- 
auce deliberately to serve the purposes of trainins. Seme more feasible way 
i:ius-c ,;e nad to simulate the essential elements of such situations so that 
tr.e trainee ean loam to deal with then effectively. Often the only practi- 
cal way to do this is to deoi-n a traininc device that will acccnplish this 
si;:;ula-L,ion. 

iiakinA Cr.e rations Visible for Study : .^jr.ong the classes of thincs 
neeair.G to be learned as prerequisites to training in actual operations, 
chere^are citen certain terms, concepts or principles that apply to the 
operaticn of a system. Often actual equipment does not reveal these 
cleai'ly. For example, relationships between internal moving par-os of a 
.■.•:echani£m, or feedback in an electronic system, cannot be direct'y observed 
in tiie operating equipment. If they are to be seen at all, a spe.-^ial device 
is then necessary so that they can be observed and studied by the student. 

Cheaper De vices i-iay Be as Good- -or Better : Learning to ident-'-fy 
cci.-pcnentG and their interconnections generally dees not require operational 
equirment; photographs or drawings often will obviously show substantially 
tne sa;.;e visual display, and are vastly cheaper. 

The factor of cost has both direct and indirect effects, ilot only m.ay 
use of adequate surrogates reduce total cost of training; the fact that many 

ccpiuc oi a loT.r-cost substitute (picture or inexpensive mock-up) can be '~ 

prociarea means that each student can have one, on v/hich he can study or 
practice on identifications and procedural seauences for as much time as 
-needed for him to master what he should learn. 



ices 



■nth expensive equipment, time per student is limited; the student then 
net get enough work to master the task. The importance of this 
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cencider-'tioa :[.■ hcrCi to -^verectinuite . It :\pplicG net only in deciding]; 
v-r.etlier to ur-e oi-oiT.ticn.'^l oquijiiicnt or trraninff device^ lut nice in 
dccidinc whether to luy .1 few exj:cnL:ivc trainin(3 dcviccc. with n limited 
tir.'.c quotn lor onch student ^ or to luy chc;ix^er devicec on n one-rer-student 
V-:Jic, 

The rorccuin^,'; dlGcuGsion of why v^e may need training devices hao ccrved 
"flfjo to introduce ceveral ii:iportant notions and principles that affect their 
ofroctive doL-ifui, selection and use. These and other principles developed 
bulo^; can provide iiriportant guides for .'aaliing better decisions about the 
C!i:-r.'^c',cri.:-tic:-. .v. training device should have to do its job most effectively. 

:''a:-iG ••aiG''.;led>'':e ilct.-dud in Cosigninr; Training Devices 



Gince training devices should exist only to aid learning^ Icnowledge of 
psyciiolcgical factors affecting efficient leai^ning is essential. Tliis 
•principle may seei.i obvious enough^ though in current practice it is often 
not ccnpliec with. V/hat is perhaps not so obvious is that, as a consequence, 
ti:c designer of a training device needs to know something about the factors 
thrvt maLe for efficient learning before he can even start to maJ-ce an intel- 
ligent analysis of the functional requirements for a training device. He 
need not bo an expert in the psychology of human learning, but he must 
undorsta- 1 a fe-; fundamental notions concerning the stimulus and response 
conditions that govern the efficient acquisition, retention and transfer of 
::rxA7ledges and skills (See also Chapter lO). To present even the rudiments 
of these notions vrould require more space than is available in the present 
chapter. The reader who has not had at least the equivalent of a fairly 
recent course covering the psychology of human learning and its practical 
applications to trair.ing should therefore consult a good reference to pro- 
vlde this background. In many ways the best concise reference that is pub- 
lished at present is one chapter by Gagne" and Belles (1959). Seme other 
helpful references are the reports by Glaser and Glanzer (I958) and by 
:;iller (1953b), and the recent text by Gagne'and Fleishman (1959). 



3uirj:iary 

'Tho main principles and concepts thus far discussed can be suiimarized 
in terms of the following guidelines, i;hich for brevity are stated in 
Gcmev/hat oversimplified term--: 



1. 



Training devices should be designed to provide efficient 
conditions of learning--such as guided practice, prompt 
correction of errors, basis for necessary discriminations. 



1- 'r'.' -'.lo-.- .i:-;:^cjri.:u:l. in VAon^ ci.vvph-:: ::.i.i;ii,!].atcr j 
a*-, n: t c.A'.'VrHl .in t;ui: ciiup brr ) . 

■ -per •!•:•.•.. n :.l. .-■u.i. .■!::..;nt i.-tii : ^: ui'cxi for ■l-rainiin^-; \,'hvi] I t i:; 
v.-:d.;,].y -v-ilaMo^ v::on it prMvldo;: Gafuly Tor ufrieiont 
0 n.'.i.l,i. ai.; \' le-rnJa,;;, .,>^^^i ^.r^.^^ chuarcr ..'ula't it\a:uc would 

ir';:n.i!:-; Jcvlc./:; ratliui' tiinn operational oiiuiiaiicnt are 
a;{aM: noc pr^i^vido proper foedbapk to the Dtiidont, 

' '^Mplo atrdLut practice on crucial ,iob orcrationc, 

Z'c i.:aJ:r; '.pur-iti^nc vi:;ible for study, or to provide oppor- 
Uinity r.^r Lurfrj.cLont Jtudont practice within allowable 
l-Kd;-ot::. 

Training devioec jliould bo doGicncd so that most ol' the 
::tudent'o tir'O ±g cpent procbicinc the thingG that are 
dirficult to lecirn. Their design choLdd be based on appli- 
cation '/f pGyc}iolc-:ical principles governing effective 
learnin/ - . 



Identifying the Requirements for Training 

The First <..ucstion3 to Answer 

'vh.en --e start to design any procedure or device that is to be used to 

cram people we nuct first deal with three questions. Guidance in answering 

t.iesu cuecticns is contained in the earlier chapters indicated. The oues- 
tionr. are: 



1- ''^^ the final ]:ujr.an performance that we w ant to attain? 
(oec ChaptcT:: 2 and 9. ) 

^'^^at are the specific things that need to be learned to make 
this criterion performance possible ? (Gee Chaipter concerning 
hinds of skills and knowledges^ and Chapter 7^ concerning 
influence of job aids on what needs to be learned. ) 
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■ ' • l/lio .1:'' lu lv:\rii tliM:i-~\;liat, urc hi.;: ab tic;: 'iiul iiiot.i. v:itlv:ii;: , 
\;hab port;.: or the total rejuLrod :;:k:Lll::; and kno\;lcdr;eo dco;: 
li e raready hn.vc ? (Goo Ciuipt-cr 10, concornJ iic the int'luoniM:* 
oi.* oclectLnn LibandMrdL' on the anvniilrcmcntr'. for traini.nf;.) 

r-nly \;hun \;e havo (^ocd anLU/or;; to tiiOL^.o ba:jic quootionL-; :iro \;e :in a 
tiun CO dot(/ri;iini^ In a rat-ional TaGhicn tijc trajnlnc ch.ai-actor J oticL: 
■!..]:aL 3 trainin;-; dev.i.cc' ;;huuld be dccir.ned to airniL:h. 



It is- Jinportant to dictin/-j;ui ^h airxric diiTcront cluGGes of thinca tliat 
ti-ainooL: may necu to lcaj:*n bccauce Goine of the requirements; Tor elTective 
trainiUG dcvicuc dij'rer Tor dilTorent claoses of training needs. Many 
elaL3;3if icaticnG of inotnaictional objectiveG have been offered. Seme of 
tiiQui, such as that of }31ocm , ca'o very comprehensive and detailed. 

For present pm-poscG we Ghall una a modification of the quite simple 
claGSif ication (:iven in the above-cited report by Ga^ne^and Bolles (1959), 
(This classification differs slichtly from the classification of tasks 
riven in other chapters in discuGGing Job design and proficiency measure- 
:r,ent. Nevertheless, referring to seme of the examples in Chapters 2, 3, 9, 
10 and 13 will help in getting a better idea of scm.e of the specific kinds 
of tasks that may be encountered. ) We shall deal here with five main kinds 
of training objectives, or things-to-bo-learned. These will be distinguished 
in this chapter in relation to the requirements they pose for effective 
training devices. The five classes ai-e as follows: 

1. Identifying; . This means pointing to or locating objects and 
locations, na^riing them, or identifying what-goes-with what-- 
either physically or in \7ords or symbols. As will be seen, 
the latter includes much of what we mean by "facts." 

2. ICnowing Principles and Relationships . This uGually means 
understanding a statement of relationship--as shoi/n by being 
able to state, illustrate and recognize its im.plications . 
Often this is a statement that tells how a cause produces an 
effect, or hew a result can be predicted from several compon- 
ent factors. It may involve knowing arbitrary rules of contingent 
procedure: If such and such is observed, do thus and so. 

3« Follcvanf: Pi-ocedi.ires . This means knowing how to carry out a 
set of operations that must be carried out in a rather fixed 
sequence--such as a prcflight check, starting a car, or 
making a well-defined type of calculation. 

iia]<:in^ Decisions or Choosinr^ CoLirses of Action . This usually 
involves the application of conceptual rules or principles 
as a basis for mailing the kinds of decisions that are involved 
in diagnosing or interpreting complex situations. Hov;ever, 
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' ■ -i-^^" I I i !.v. 'l.V' i:i roi ;M '".I >i i I i n:i I, i < \\r (If i. 

rMi i):: ■ 'k:! X.) ! r\.w'^;t m . ti;:'!-.; ■.(■( . r ,\(:\:\, Tlu'iw.' i::";; 
■i^- i- i''-' ••iM!vLo (u:;!,n;: l.'-:;.[c' ii-i^l. i7^~)~Tr uulc^' iTi ^'n.l I 
(!.: -ul;M.ilnl; tin:/ ^•o>:t ru] .m" -tn 'vir plMu..; wr t (""I'm i m, 

^■'*t-o>i, li.k.:^ i.^K-M{..i i:M.'r>licn.;, Ih-.:^ ;-::i;mlor uklll.: pi\-vi.ir 
•kar-et-r ;..;t:o.: tka!; -ro :..<^;,:t i i::rcr t ant for rack cImg.:. A -jxtl: Iruul oJ' 



Tr-:.lnin,: kovico:' Ocn::IdorLa in lv:-d':tion to Tr;ri.n:Lii;- Objective;.- 



lk.:o of Illustrative Cl-vIgoj : In the I'ollovdnc ^^ections a nuuber or 

Ir JninG viovice;: :u'e illii:;trL:tcd and dc:-cribed. Tbe pm^pojo:: of de:^crib:Ln( ; 

r:'U..-cc' device.: in: to illnL:ti'atc uGcriil principler; of device de3i[^n. Thic; i:; 

.icnc by identifyinc: runctionnl char.icteri.'rticL;, indie-tin^ principlerj oi' 
dooi^n, or doccrllvLnrj Toaturcc ol' ccr.ctri.ict Loii whicli iijplcjnent thcce nrdii- 
ciplec. rjcn-.e of the devices are particulnrly der-if^nod for attaining one oC 

l-ho five claijcoL^ of training objectives dictincuished above. Others are 
de^i-nud lecc cpecirica'' ly and :::ay be uGod for several of tliece traininc 
Ccalc. The latter are :;cr.xtii;ieG r.oro adaptiible, but often are Iogg v^cll- 
snitod for pinpoint inc tho requircnento needed to attain any one particular 
k-iad of objective, ' , 

Part-back Trainero ": Cne of the problci.ia './hich occurs frequently In 
the dc-cicn of training devicec i:: the que::tion of ";;]!ole task" versuc "part 
task" training, 'me General issue Iz whether it ic nececiGary to have a 
pic-ce of training equirnent that providcG for practice of all elt^raents of a 
to../.;, o.r '/hether certain acpects can be celectcd and practiced independently 
one at a tinie. klien the latter is appropriate, lOT/ered cost and increased 
efficiency in traininfj can often be achieved. Often the operational ecaiipment, 
or a training device that _^tffords sLiinlation of the entire task, may be 
required dm^inc terminal stages of traininc- But much time in the use of such 
d'ovice::-, can be saved, and tho nvar.ber of devices required consequently reduced, 
if tI:ose eloL^ents of the tasl: that do not require the total equipment are 
first >;.astorcd on simpler equirr.ent. 

Gcmc of the prerequisite kno';ledccrj and skills needed for identification 
♦jnd follo'.jinc of procodLores can nearly always be separated out from the total 
requirements of a position, and learned mere effectively and more economi- 
cally '.;ith "part-task'^ training devices. Fui-therr^ore , in traininc procedural 
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. I : < ! ; ; . 

v Vi J', i;;n .'iIm ! i 1. i f;: , .Micl: i 'l 1 1 i f i c v 1 1; i.( >n; ' 

' ''I'ri'* '''i.l.ly .Ll.".!1'ih.''1 ri'ncMi.r.]*riiL];,', ,\ i'Xk^I i I.r ] i\ In 

i'i .!:: ■ it. 'li:;. Lr:il; i/ »! i; ; of P}\..C(„M!ni'<\,;. i i.' pri..r(.'}\l;/ dor, 
'^'■■^^■•'1 d tiu' .idu-i:t.i r u'Mt; i ;n;' t)!* p.'-rt;.;. -md proved ium.-; |V,;r 

liy n.])propriaLu ]-?o.Lnt.ir.[;; ;'nd n:iiiiLnr, i^T each 
■^■^••'••'-■^-'^ '-'i^^^n lu i.L.: introductxi into tlv pr(XK?dur:i.l L'<jtiuonco. Siiiii- 

l-':'!;-, ■.!. di;vi.(;u ;•■:•), liud to teacli unc-to-crj.' L"ca'reL;poiidcnccs can al^^o he lu'.ud 
^ -iv-/].. o,' I'ola L:Lrn;:]ilar; , ainco "];no\;:uic" n rclatlGu::h'Ln, at IraaL 

■■- ai. ^ -I il--i\v va.-l^, La'i'.en lieccar.ca: ident .i.ca.l './illi i.dcnit ia'yi.nf; tlitj ( ca'i:i:.: 

r.J !.!*■. i t'l'.- rrlat;Loni:hlp. 

.V Jctail'. acL-a^at M' (aMi:: idurat:! ona ontcrlnc: into tlio rat:ional(^ and 
■'r';';"^-'-'-^'-- '^i^-^^-ij:^ i:'c--',tai'-;: ai' part t-al: traincTa ia ciivcn Miller (l9')(':c). 
■- ' ■' -•^'•i--lct: ...M* /ri. o :</rtincnt conaidoration:-; ^-^pplyinc; to part tack trainera 
^:ull -a ot!:er pr.;M.a.ia in the dcr;i^.:n of ainiulatora :,}nd related d.,:vicca La 
arL:.a;nt'jd i.y ^I'-av/ (Iva'i) fr^ai the al:ai:dL)Oi.nt of tlu: reoearch i:a:uoa tliuv 



T!i i a/idaal Vur./a:; Claaa.-Group Inirtructicn 

For trainin.-: in, :.::-nual Gkilla and^ "to aci:;C extent, for inctruction in 
J'.cicion nakinc :nid i'ollc:;inc of procedurec;, individual superviGcd practice 
often recccnlaed irz very i::n:ortant. Thia ia leas i/ell-recocni;f.od in the 
caae of teaching idontificationc and principle::^ vhere the G^'oup lecture 
.■■ctlici ia very cc>:x:only employed. 

h:a.:ever;, ta.e teachin-:: of identiricationc and principles can alao c^ncrally 
;.e dene :nore efrectively throDch individual training though tliis iG Gcr.ietimea 
ta.oLylvt to to ir.practically oxpenaivc. V/lion feasible, individual training 
::.ay ce greatly auporicr to Q'^oup instruction because of the fact tliat diffei-ent 
atudenta learn at very different rabes. Holdine all students to the sojne 
rate, a:- i.iuct l:e done in a class croup^ is thus \;asterul and inefficient, even 
tacur-i it la a very cc:.a..cn practice. V/ith most class-croup instruction, 
•^•lt]ier t];e a.lo'./er L'tudents do not cover the material or i^hat they fail to r;et 
in claaaj.iuat cc r.ado ap ay individual study. Tii- latter is in itself often 
very inefficient, aeapite atte:r:pts to inculcate 'jfi'icicnt study habits. 

i'^vd'ta:er:.:crc, :.:oat croup instruction fails to provide opportunity for a 
.:ai-:'icient arount af active, c^iided student practice or recitation. This 
ia orxe of the most inpertant factors in effective learninc^r because it pro- 
vides the opp'.rtanity for detectinc errors, misconceptions, or inadequate 
:.:-jtcry of each portion ci a subject, and for correctine these deficiencies 
•jofoi'e the atudent i_^c(jz on to nev material. 
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:a;>iu.:reM.;nt:; for train in/;: PrctH-liiroc and device::; ;.;hould be 
oriented -il: explLcLlly -k: po:;,;ii.)le in Lerin::; of i;pccine type:; 
':d' iiiunan pLTror::::ineec to he nttaineJ. In /general, IhoDo Tall 
into L'ive 'brood ciaGGec: identifyinc, knovinc principle:: and 
relationr.hipc, .following prcceduroij, clicocinc com^-.ec of action, 
and perfor:ninc^ motor ^kill::;. 

3. The decicner o£ traininc devices rliould he alert to the poc- 
£^il)ility of reducing traininr>devicc ccmplexity and cost by 
uGe of part-task trainers to teach prercqiriGite knoulcd^cG and 
:.killG. llovover, it ic often possible to achieve more than one 
kind of traininc objectr.ve concui^rently in a vell-desicned device 
If traininc, objectives have been cleai^ly analyzed. 

Rather than placinc reliance on aids to class-lectm^o forms of 
instruction^ effort should be made whenever possible to provide 
devices that permit individual learning paced to the needs of 
each student and providinc a maximum of active,, guided student 
response and prompt correction of errors. Self^-instructional 
devices described in the next chapter can increase the feasi- 
bility of doinc this. 
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Types of Training Devices Particularly Suitable 
for Various Classes of Training Objectives 



LO.cic Roc;)Iri.-Menb^: : The prevaionco :.ind :i::iportcnce of the Icinds oT 
ler^rnin^ -.^hich dcviccG In thic category arc dci:i^;ncd to n.cct huz ]:ccn veil 
doocrlco.: by Ga-no" and l-oIIcc (1959). as rollowo: 

''Tlie Icni^niiic of idcntii'ic:jticn.c Ir-. one cf the most cciimon 
thinoc a liunan beinc docG^, ircm early eliJ.ldh.ccd thrcuchout hlz 
adult 11 le. .'\lthou[;h tiiis t:>pe of learnin/j ic cciriiion to nearly 
all .johrj^ it.: Lnpcrtance can o:iaily be overlooked. For example 
. . . :-..any ,job:."- I'equire th.e identification of hundreds of faceC;, 
placL-a, tcol::^ rr !::atorial3, and in cuch inGtances the period of 
leaminf'^ or {iivainin,^^ becci!X-r. an essential requirement. 

"In tiio i:ri2itary scrvicec^ with their frequently changinf;; 
,jGbL' or parte of jobi^ cccaoioned by the introduction of nev/ 
a^eapcnc, the learninf3 of ne^.; zotc of identif icat Jens Is a 
ublquito'io ph jncir.encn. The pilot vho learns to operate a nev^ 
aircraft r:.ust first learn to identify the controls and instru- 
r.ents of the nev: cccl:pit. T:io observer has to learn to identify 
taargets frcn radar returns. The electronic technician vho is 
beinc tr^iined to maintain a nev guidance system must first master 
th.e identification of its parts and their locationG ^ as well as 
their syTribols on s c hemat i c d1 a rram s , The supply man vho is most 
highly skilled is the one wiio can identify perhaps thousands of 
ccrnpcnents and parts, and their bin locations , without ^olnc 
through th^e laborious process of tracing then down by ncmen- 
clature through a ."••v.ccess.i cn of t( chrLical rrders." 

: y^.l.t'A\:l'-: P-yj-r- ■ .r.:}. I': '':h'~'l- : ah-: ij,ro\.q^ l.c^rturo :::ethcd for teacliing 
identifications (or, at le-jst;, for presenting them and hoping they will be 
learned) is frequently emplo^'^ed. VJhere the identifications refer to equip- 
;.:ent or locations or other readily visualized things, it is ccrmon practice 
to accompany the lectm^e by seme form of "teaching ax:''" or so-called training 
device. This m.ay be the actual equipment or situation (see Figure 11-1 ), 
or it may be a cheaper substitute in the form of pictLires, charts, slides, 
models, etc. Characteristics of these kinds of devices and their uses are 
considered further in a later section of this chapter. 

A special disadvantage of the lecture m.ethod for identification learning 
is that it generally fails to take adequa.te account of necessary conditions 
for efficiently learning the large numiber of identifications that may need 
to be mastered. Often these identifications are merely stated and pointed 
out by the instructor, :;hereas effective learning requires active I'osponse 
in the form of repeated di-ill or recitation, by each student on each 
identification until it is mastered. 
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vrnere ^rcup instruction imst "be used; c1o.bg drill rather than ctraiffht 
lecturing ic the "best r.ethod of teaching identiflcationc . Relatively 
sinple aide in the Tom of pictorial charts^ fla^u cards^ or slides are 
usually at least as satisfactory for this purpose as nore expensive aids such 
as r.cck-ups ajid models. Scir.etii::es ; in fact they are more efficient than 
n:ock-ups "because, in addition to their lover cost, they provide "better 
depiction and control of the display in raiding the student's perception 
of olDjects and locations to "be identified. For example , a ciiart or slide 
display such as the one shcim in Fi^^re 11-2 can "be used to tojach locations 
as uell as functional and physical interconnections in teaching the identifi- 
cation of system components. On the other hand; a close-up such as the 
cut-avay drawing shcim in Figure 11-3 can be used when it is desired to 
focus a^ttention on fine detail, either for teaching identification of parts 
or their locations and interrelations . Often this detail could not readily 
"be o'bsei'\^ed "by more than one or t\ro persons at a time in classroom vieiring 
of a cut-away model of the actual equipment. 

Instruction in identifications, using such visual aids, can well proceed 
by a "Socratic" method of question and answer- -"V/here is the . . .?"; "I-/hat 
is this . . .?", "V/hat goes here?", t-tc. Note that the training aid does not 
teach in itself; it merely provides the things to be pointed to and asked 
about by the instructor and identified by the student. 

Individual drill is more effective than class-group drill for the 
reasons noted above, but usual ways of providing for it are very expensive 
of instructors^ time. V/ith an adequate supply of simple, inexpensive 
training aids such as realistic drawings or suitable photographs (see 
Figure 11-4) pairing off students to provide coach-and-pupil teams for such 
drill can be quite effective under suitable supervision. In addition, 
recent progress in developing methods for "automated" training can be 
readily applied for affording the kind of individual drill required for 
eff active learning of a large nmber of identifications required in a. 
variety of Jobs (see Chapter 12). 

Teaching; Facts and Simple Relations Considered as Identification 
Training: Knowing "facts" often really consists of being able to identify 
or relate verbal or syiTibolic terras in one-to-one fashion. Psychologists 
often term this the learning of "paired associates." The essential facts 
that "the capital of the state of Pennsylvania is Harrisburg," and so on 
for the other states, scon reduce to a set of verbal identifications 
"Pennsylvania--Harrisburg, " or vice versa. Similai-ly, the "fact" that the 
num.ber for a holding relay in a specified component of an electronic control 
unit is A-57325 consists, basically ^ in identifying that nmber as the one 
to specify for obtaining that particular port, or the reverse process of 
knowing that Part Ho. A-57325 is that particular relay. The two comple- 
mentary identifications are not identical; a person may be able to malce the 
proper identification in one direction but not in the other. For example, 
the student may be able to respond promptly and correctly to "V/hat is this?" 
'.;hen the instructor points to a given item in a complex array, though the 
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i-.'iiine L:tT;dent ha:: not yet learz^ed to locate the itei:: correctly in response 
to '"l/hich ic the (nu::;o of itei:i)'^" 

Trainin,'' Aids For Effective Identification Dril l: Individual or group 
drill in teachinc such identification facts thus needs to provide for 
practice in making associations in both directions, and training aids should 
:;.e dOLiigned to make th.is 'cossirlo. Labeled photographs for initial famil- 
iarization should be supplenenuod by unlabeled ones coupled with lists of 
terr.'S to be identified on the latter. V^nere coach and pupil teaching is to 
be uced using students in the coaching role, a labeled aid for the coach and 
•jr. unl:;icolcd one for the pupil should be provided. 



Learninp; of FrinciTPle.:- and Relationships 

Basic Reciuiremcuts : The nost important consideration underlying the 
design of effective devices for this aspect of t-aining is to make a 
searching analysis of i^hat principles, concepts and relationships are 
really essential frcni the standpoint of caa^rying out the task which the 
student is being trained to perform. Ci.a -.'f the most frequent sources of 
confusion is that of failing to distinguish between physical principles 
governing the construction and functioning of a piece of equipment, versus 
those principles related to its operation and maintenance which the operator 
or technician for that piece of equipment actually needs to use in performing 
his job. These are not necessarily at all the same principles, although there 
might obviously be considerable overlap in many instances. 

One of the seemingly obvious sets of principles that may be stressed 
in training electronic maintenance technicians, for example, are those 
involving the theory of physical functioning of thermionic vacuum tubes, 
semi-ccnductors, electro-m.agnetic induction, and the like. The principles 
that are more pertinent to actual job operations, on the other hand, may be 
principles of data-flow analysis that are independent or how the "innards" 
of the equipment v^ork. These may tell, for example, how to devise strate- 
gies for troubleshooting that effectively talve into account the likelihood 
of various hinds of malfunctions and the time needed for maJcing various kinds 
of 'diagnostic checks. 

The determination of principles to be taught and the sequence in which 
th.'jy should be taught should, in general, always be based on as complete as 
possible an analysis of the actual duties that the person being trained 
will be called upon to perform. The principles of physical functioning of 
a piece of equipment are unimportant , except insofar as they are actually 
the relevant principles to apply in m.aking decisions as to alternative 
courses of action to follow in actual job operations. The determination of 
the appropriate conceptual content for a particular job--that is, the prin- 
ciples that really need to be applied In carrying it out--often calls for a 
fairly high degree of skill and experience. Useful guidance is provided in 
parts of Chapters 2, 3, 9 and 10. The remainder of this section deals with 



23U 



19 



cr.aracteristics of devices that .-nay be effecTively used for teaching the 
concepts and principles vbich have been identified by an appropriate prior 
analysis as the ones that need to be learned for a particular job. 



c.r 



Knouledne of Principles : Kost principles are stated in verbal form 
in ;r.ore sophisticated applications, in terms of mathematical symbols. 
Ivnouledce' of a principle may be revealed either in terms of being able to 
r-cat;- It (or restate it in various forms and contexts), or being able to 
r-pply it to a variety of situations. "I{noving" the formulas for computing 
centrifugal force and the area of a circle so that they can be applied in 
rote or straightf crvard fashion are closely simil;ir to tasks of simple 
verbal identification. On the other hand, knowing hou to select the right 
principle or ^relationship from a large nvanber of possible ones Is often 
Mcre cl.;soly akin to the tasks of problem solving and comple:: decision 
making. 

Om- psychological ]:no^;ledge of the nature of "under standing^' is at 
present quite incomplete. Hov.-ever, it is clear that mastery of any prin- 
ciple-, in the sense of being able to apply it, requires two things. The 
first is m.astery of component identifications (definitions, etc.). The 
second is extensive practice in mental or verbal manipulation of the terms 
entering into the principle, and of ways of applying it in diverse situ- 
ations. Understanding a principle certainly does not mean merely being 
able to state it in parrot-like fashion in ssme one particular manner in 
-.vhich it has been mem.orized. The ability to use a principle generally 
requires that the basic relationship it expresses can be expressed in vari- 
ant forms and that the proper elements entering into it can be identified 
in a variety of instances. 



Teaching of Frinciples : The learning of concepts and principles as 
applied to a specific operational situation or a piece of operational equip- 
r.ent_ is perhaps m.ost frequently accomplished by a combination of lecture 
(or lectui^e-demonstration") and unsupervised individual study from training 
manuals and technical orders. Often such instruction is very inefficient 
because of inherent limitations of the methods employed. Neither the lecture 
no^ the individual study provides for effective drill and quizzing on the 
kncT.'ledge of the material that is presumably being taught. 

The usual lecture for teaching of principles presents material at a 
rate much too rapid for it to be really mastered by most of the students. 
Also, it often presents a hodge-podge of m.aterial that fails to differen- 
tiate those aspects of the topic that really need to be mastered from those 
on -;hich general bacl:ground and familiarity is needed. For the latter, a 
good film or a lecture irith suitable visual aids (see section bclcv) nay 
be adequate. But for those principles that the student needs to master and 
ue able to apply on the job there is probably no substitute for extensive, 
active practice in dealing with the principles and their application. This 
often needs to cover a wide range, from learning basic relationships (where 
the kinds of da^ill described in the section on "Teaching Students to 
Identify Things" above, is applicable) to active practice in applying 
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principles to the solution of operational uxercisec using devices or the 
kind described in the subsequent section on Synthetic Practice Devices for 
Ccjnplex Systens . " 

Between these t^,70 e::tr ernes, it is often useful to provide the student 
with extensive practice in verbal manipulation of terms and relationships, 
in a prograin of instructional exercises in ^.;hich concepts are gradually 
built up, starting ^.ath the simpler exa^iples that need to be i^iastered first 
before he proceeds to more complex problcias. Often the content of the kinds 
of exercises needed is essentially verbal and sy.-.ibolic in nature. Here,, 
ccn.plcx training devices are quite inappropriate; v;hat is really needed for 
effective training is not equipment but, rather, a ucll-designed set of 
instructional exercises. However, the presentation of such exercises and 
the checl:ing of student responses to the:^i can often be effectively mediated 
by using seme of the kinds of self- instructional devices described in the 
ne::t chapter. 

:Ci:rwl-^u-:r' Hirhly Ccmpl^x Intcrr'-jl :\ticn::hips : Understanding the 
.operation in a ccm.plex system may require relating a considerable nLimber of 
observable indications to a very large nimber of components that comprise 
the system. The difficulty of learning to do this is often increased 
because the relationships between observable indicators and the internal^ 
functioning of ccmponents may be different under different modes of opera- 
tion. It is difficult, costly, and time consuming to represent all these 
ccm.plex interrelationships through study and experience of the actual 
operational equipment or operational situation. Accordingly, it is often 
de sirable to represent the ccmponents, indicators, and relationships in a 
simplified schematic or symbolic form. Generally, this is done in quite 
Linsystem.atic fashion, and a stur'-nt must then inefficiently "dig out'' many 
of the pertinent relationships r himself each time he needs them. 

The importance of providing a more systematic basis for training 
through appropriate devices and materials is particularly great in the case 
of learning the ccm,plex functional relationships on which successful diag- 
nosis of malfunctions or troubleshooting of complex equipment may depend. 
In highly complex equipment the number of possible interrelationships that 
m.ay exist between malfunction conditions, mode or procedure of operation, 
and output indications at test points is so large that a systematic way of 
analyzing and presenting this information can be very helpful. 

One aiy-^roach f./hich deserves consideration is indicated by the device 
portrayed in Figure 11-5. This device^ a "Malfunction Information Trainer" 
or "MIT," is described in more detail by Crowder (1957). It is essentially 
a device for displaying the ccmplex relationships between control inputs, 
output indications^ and a large nmber of possible malfunction conditions 
existing in any of a ccmplex system's several possible modes of operation. 
Such a device can do t\!0 things: First, it can provide symbolic practice 
in troubleshooting; in which the effects of various test operations or 
signal injection procedures can be observed in terms of a variety of output 
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indications^ under a vridc range oi nali\incticn ccnditionG. Second^ it 
prc\^ides a ccnplete^ ccinpact, and systematic tabulation interrelating 
these factor G, v^hicli ii?. helpful either as a job aid or as a bacis for 
designing training exercises. 

As exeirplif ied in the case of one of the Sperry K-serics bcmb naviga- 
tion systems^ the device consists of a rectangular table of 26 colvj^ms and 
-;7S ro^:s. In the^device in Figm^e 11-5^ this table is carried on a roll of 
paper, jnd entries for only one row at a tiine can be examined. The 
2o colur.-ins represent 28 different critical corabinations of control settings 
and manipulations . Tr.ese are arranged across the table and are described 
in abbreviated form in the 28 colLirnns on the panel of the exposure device. 
Each of the k^o reus is identified as a "test point" or output indicator. 
The row of the table that is lined up at any one time in the exposure device 
•/ill display the results of any selected signal-injection procedure on the 
indications observable at that one test point. Selecting the button for any 
colLunn of the table ^.;ill then display^ in coded forn, the test result that 
^^ould appear at that test point (row) as a result of the specified control 
::.anipulation or signal injection procedure (column). The test result is 
tirxpressed as a single code letter such as the letter 'b" that has been 
exposed in colu:-.:n I9 in Figui-e 11-5 . 

For this particular systen the code used (displayed at the upper part 
C'f Figure 11-5) required alr.ost all the upper and lower case letters. A 
ccnplete table of 3^38^ entries was used to reflect the state of the system, 
in terms of all indications for all indicator points under normal operation. 
Additional, siiriilar tables were then constructed for each of a large number 
of malfunction conditions. Reference to the appropriate row ("test point") 
in the table for any given malfunction condition would thus yield the indi- 
cation obtainable with that malfunction for any selected signal-injection 
procedvire. 

Guch a painstaking and exhaustive analysis of interrelationships in a 
complex system not only affords a basis for the particular kind of training 
device here illustrated^ but is of more general interest because it repre- 
sents a possible major step to\;ard making the diagnosis of complex 
operating systems more of a science and less of an art. Cne of the reasons 
;;hy troubleshooting procedures are often so haphazard (and why, hence^ 
training for them is so difficult to systematize) is that no really compre- 
hensive analysis of this kind has been made. Making such an analysis is a 
laborious and time-consvjning procedure^ and generally requires a considerable 
a]r:Ount of empirical determination with an actual operating system under 
normal conditions and with various experimentally inserted malfunctions. 
However^ it is entirnly feasible, the most difficult part being the con- 
struction of the original normal-operation table. For the K-series systems 
it was found that, after the description of the normal system was v/ritten, 
the df^scription of a specific malfunction could be written by a skilled man 
in a few h.oui'-s or less, and that a library of several hundred malfunctions 
:;as thus economically feasible. Such a library affords a valuable founda- 
tion for the design of training devices and procedures for teaching m.ethods 
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..X ualfuncticn di.,;no.ic. m addition, such a ccnpilation, presented 
.-.-.pliric-d lor::'. of ' niairuncticn indicatcT" device, could potentially 
o. concicc-raolo valu.- ac an inforP.ational job aid. The availability of 
cucn reioronce information in conveniently usable form on the job nicht 
not only increase the efficiency of troubleshooting-even for experienced 
rerconr.el--but ..i,ht creatly decrease the ...ount o? traininc required in 
order to locate many r.alf unctions. 



i-e.ai'ninr: Geouential Frcccdures 

:3asic Rcouirenents: The general requirements for effective teaching of 
^^"^""^ -a^e lairly simple, even though procedures to vhich they apply may 
e':?;: -ry .;iae range of tasks differing greatly in length and compLxityf 
^.•.o..plo. mcluac assemoly and disassembly of a piece of mechanism, removal 
r:;;-!:,^;ir'f f °' ccmpcnents, fueling a missile, setting up a piece of test 

^ f'^'^u" inventory, changing a tire, filling out a form. Seme 
pioceaures (such as checlcing out a complex electro-mechanical bombing and 
-c-vigaticnal system) are very lengthy, involving hundreds of steps. It is 
cixen useiul, coth in training and in job operations, to break doim such 
lengxny procedures into a series of shorter seauences. "Knovirg how'' to 
periorr. a procedure of any length involves knowing how to perform each 
smallest step (which m.ay resolve into a component identification or a 
single skilled motor act), linlcing these together into sets or seauences, 
anc finally integrating these sets into the total procedure. 

^ The learning of a sequence of steps, as distinct from knowing how to 
,.c-ricrm the individual steps of the sequences, can often be simplified 
preatly^oy use of a check list or other job aid (see Chapter 7)'. For seme 
..inas oi procedures, where the steps must be performed rapidly under pressure 
.t IS net possiole to "look them up" in such a guide. But where it is 
'^iit'Sr a reference so.u-ce as a check list, the traininrrequire- 

...cnx for^oatisfactory joo performance may be greatly reduced (even though the 
old hana may no longer need the check list). b ^ 

i'Cno^.'ing what kinds of procedural guides (check lists, etc.) will be 
availaole thus is an important determiner of the specifi cations or charac- 
teristics required for a training program or training device. Conversely , an 
apparently difficult training requirement can often be greatly si:nplified 
■by converting the requirement so that it calls for a better source of read- 
ily-used on-the-job inf orm.ation, which then ::eed not be "stored in the 
.ramee s head." This is particularly true for lengthy, fixed sequential 
procedures, but may apply also to the requirements for variable or contin- 
gent procedures like troubleshooting. In either case, the result of requir- 
ing that training equip the man to do the job with the hlep of a well- * 
designed job aid can mean that the training requirements are made much 
easier: Insteaa of having to memorize a very lengthy sequence (fixed or 
c-.ntingen.J, the trainee need only learn a variety of r'^latively short 
unitr.ry procedLurcs which can be called out or "assembled" in proper order 
on fcne jou uy lullowlng Liie btquencec given in the job aid. 
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Tr^Linir.i; devicec for teaching of either lengthy or relatively short 
prccediiral sequences generally involve tv:o distinguishable eleir.ents. The 
first is a stii.-ailus input element or soui'ce of procedural instructions. 
The second is a res-pcnse element or set of "manipulanda" on i;hich the 
prccGdua-es are executed. The som-ce of procedural information may "be 
juite sketchy, ir.erely outlining the steps as in a check list;, or may be 
Very detailed and ccmplete, as in a step-by- step prccedural-derionstration 
jound fiLr.. The response eler.ents generally c^-^nsist of equipment and 
scr;:ot .u;.es tools. T:.c equipment can be a real piece of ccm.plex operational 
gear, a i.xdel cr pictm^e of this equipm.ent, or, at the other extreme, 
:.:erely a fcrm to be filled out. 

C'tep-by-Stei:) Directions in Teaching of Procedures : Sometimes the input 
infor^nation in a training situation is provided by an instructor uho gives 
the trainee step -by-step directions which the student follows. This has 
advantages of flexibility and permits individual pacing and adjustment to 
fit the student aptitude and rate of progress. HoT:ever, it is e::tremely 
costly of instructors^ time. Accordingly, various fully or partially 
automated substitutes have been devised that will undoubtedly be more 
and :.:ore vadely used in the futui^e. 

For many kinds of tasks at early stages of training, visual demonstra- 
ticn acccmpanied oy cral directions or explanation is preferable to reliance 
on purely vcrtal directions as a guide to initial following of procedures 
by the trainee. Sound motion pictures have great potential for this p^^rpose. 
I'lowcver, tlieir effective use requires that they be constructed specifically 
as procedural guides, and exclude ''familiarization" or "motivational'' 
material which, while appropriate for other purposes, is extraneous to the 
procedvral demonstration. The latter must cover in careful detail, each of 
the steps in the demonstra-u^on sequence that are essential if a novice is 
really to be able to ''follow" or successfully Imitate the procedures demon- 
strated. Such filras, consisting merely in clear delineation of a series of 
procedLiral steps, should have adequate provision for stopping^ to allow 
trainee practice, after each step. They can nearly always be filined at ver^^ 
loi.- cost, using minimal production facilities. Some excellent guidelines 
for local production of such low cost films are given by Greenhill (1955) . 

Effective Use of Frocedtiral Films : For effective use of such step-by- 
j.tep procediural demonstration films, each student should be eouii^ped with 
the appropriate response equipment or "manipulanda" for following the pro- 
ccdia^e. A short demonstration segmient is shovm, then the projector is 
stopped on still fraiiie" while the students perform that task before going 
on to the next. The instructor can chtck the students* performance as 
often as necessary. Such a technique has been used successfully for experi- 
.r.ental instruction in the photographic school at Loinry Air Force Base in 
teaching students to assem.ble and service Air Force cameras. 

The use of step-by-step procedural demonstration films in this manner 
is greatly superior to the much more ccmaon practice of showing a complete 
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:Lc:::s.r:Ctr:iti..n ilL.i in a cliiG^rocir; lutuaticn 'jnd then later having the 
:--oiiaent try to pei'ioi'::: the operations ."i^n the basic of recall after u 
::vi.:Ger or .:invrGe.:, hours or dayr> have elapr;ccu Convincing evidence on vhi 
■X'int i:-c beon^fvrnich.od rro::i data of e::periiiX-ntal students by iiaccoby and 
.v]:..-f iTiold (i;'5o) . These investicator:: found that learning was nuch ircre 
rapid ::hcn very short derionstration cog:::ents of only a fe^: seconds were 
i:::r.edi:Ately follc-;cd, icr at least the first few tii::es thi^ough a procedure, 
i-y cti:dent performance of the steps dcr-onstrated--as ccnpai^ed T;ith condi- 
tions in which the practice T;as deferred even a few ninutes (until the end 
rf a rol-/tively short fll:::). 

^^^'-^'^-^ techniques for optimising the use of demonstration fiLu -re 
..li.-cussed in connection ::iti: the aut.:i::ated self -instructional devices des- 
oi'i.;ed in Cha-ctcr IZ. 



iraininr: i::'uia;ient for rracticinr: Procedures ; For effective practice 
;-f rrocedva-es the student needs to have an opportunity to make appropriate 
responses to the step-by- step sequence of instructions that outline the 
procedL;re, regardless of T/hether these are given by a manual, an instructor 
sr a de:;:onstrational fiLi. Tnere is seme evidence that "m.ental" rehearsal 
of the ifiotor acts involved in a procedure can sometimes be ouite helpful 
(see Harby, 1952). Generally speaking, hovrever^ the practice of procedure 
snculd be conducted -;ith the student actively executing the procedures as 
directed, using appropriate manipulanaa in the form of eauirment or substi- 
tute equipr.ent and any tools required. 

For many tasks, actual equipment r^iay be used. Often, however, this is 
not necessai'y in carrying out an adjustment procedure. With equipm.ent com- 
posed of separate black-box subccnponents such as the one shown in 
Figure 11-^^-, a single ccm:pcnent of the actual equipment may be used. An 
inccmplete component or photographic replica may be satisfactory when the 
responses are straightforward and already learned as individual units. In 
this case the steps of the procedure m.ay be complied with, for much of the 
practice, simply by such substitute responses as positioning a screwdriver 
ai^d pretending to ti;rn an adjustment screw by about the right amount^ or 
doing a make-believe flip of a photogi^aphed toggle switch from up to doim, 
or by simulating the twisting of a dial and indicating orally to what 
position it \:ould be turned. 

A replica allowing only such substitute or si^anbolic responses would 
generally not suffice, however, if the "feel" of the response must be 
learned. At least those elements of the equipment which provide this kind 
of feedback need to be physically present for most effective- practice. But 
this by no means necessarily requires that all of the insides of the equip- 
::-.cnt he present in the ccmpcnents that are to be used for training purposes. 

Gimilai^ considerations apply where the procedure consists of adjustment 
and settings of control panels. Often, many parts of the procedure can be 
carried out with only the face of the instrument present. Certain aspects o: 
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procedia-e, ho\;ever, vlll require learninij to adjust the i^teps taken to 
chancing dlGplays affected by the control GettincL--GUch as an occilloGcope 
pattern. For theGe, the use of the actual ecj^iipjuent is often Gimpler tlian 
trying to siiiiulate the control action. 

However, the portionG of a procedui'e requiring this often cciiipriGe 
only a very Gi.iall percentage of the ctepG in a procedm^e, Hiug, a simple 
"surface" mock-up may be satisfactory for practicing nearly all of the 
r)rocedia^al steps, with real equipment being used only when required. This 
means that the number of items of e:cpensive real equipment required for 
practice can be reduced by using a single piece for a nunber of students 
only at the points where it is primarily required. 

Vat'iablo and Ccmplex Rt-ocedures : In other instances, procedui^es which 
must be adjusted to tne "feedback" of changes in display resulting Ircm 
adjustmentr of controls or other manipulations can be provided more effec- 
tively or mere cheaply by a simulated procedural training device such as 
that shown in Figure 11-6. In this device, actual or simulated ccmponents 
or photogi^aphic representations are used, depending on the needs of training. 
Special circuitry is provided for feedback for making displays responsive to 
control adjustments as in actual equipment. An instructor supervises and 
checks the student as he performs adjustments and check-out procedures. (This 
device was developed primarily as an efficient means of testing performance 
for routine alignments and adjustments, but also can be used as a training 
device for these tasks; see Briggs and Besnai^d, I956 for a more detailed 
account.) Note that, as in this instance, simulation provided need not be 
fully realistic in all cases in order to meet the needs for effective 
training. For example, where the discrimination on the actual equipment is 
essentially a "go/nc-g:>" decision in terms of the way it is interpreted, a 
simple on-off indicator such as a light may be substituted in the simulator 
for a meter reading or other quantitative display. The question of whether 
special simulator circuitry should be provided in a piece of training equip- 
ment is often a ccmplex one. A complete discussion of the factors affecting 
requirements for sensory feedback in training devices used for teaching how 
to make procedural adjustments on equipment is beyond the scope of this 
chapter. Seme useful guidelines are provided In reports by R. B. Miller 
(1952b, 195^a, 1956e). 

Part-Task Frocediure Trainers : liany lengthy and important but relatively 
simple procediures are required by flight and maintenance personnel in flying 
modern aircraft and preparing them for flight. Cockpit procedvre trainers 
(consisting essentially of a ccmplete "life-size" mock-up of the cockpit 
interior and its displays and controls) are frequently used, especially for 
the training of flight personnel. Tlie number of displays and controls for 
such a replica is quite large. Seme cockpit procedure trainers carry simu- 
lation to such an extent that almost every aspect of the cockpit is dupli- 
cated in the procediural 'trainer, though there is considerable variation in 
the ccmpi.eteness with which displays arc m.ade functional and responsive to 
the acts of controls. 
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Figure 11-6. A Special Device for Ti'aHn-in^t; ur Procedvores in Maintaining 
a Fire Control System, 
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:.'uch trriinlnj acvice:: crn unquccticncibly uokc c.n iiuporto.nt contribution 
to trr'.ir.ln^j;^ '?v.d in rir.ny in::tnnccc can reiTiit a ccmplete run-thrcu^h oi 
i::n:ort:.'nt prcccdurcL; in a vo,y that ic ^jaier or ly.oro econcriicol than performing 
thei.i in the actual aircraft. (The iJoir.e ic^ of course ^ true for panel 
i::ir;.ulatorc: of ccncolec uc;ccl in iniscile direction and similarly conceived 
Ps-^x-is-tack trainers for other kinds of jobs.) On the other hand^ many pro- 
cedures and di::^criininaticns vhich flii^ht personnel and maintenance personnel 
r.uct learn to acccmpliGh either require only a snail portion of the total 
available display a.t one tiir.e^ or require that only a fev instruments be 
:.:ade responsive fox- the actions of controls — vith the x^est F.erely furnishing 
V-asic lnfoiT:a-ticn or beinc irrelevant to that particular px^ocedure. 

Accordingly, iiP.portant econcmies could sometimes be realized by 
constructinc several part-task trainers. In these the instrumentation can 
be lii;]ited priir^.arily to those display- control combinabions that enter into 
the tacks that require the most extensive practice in order to master. Even 
as simple a mock.-up as that provided by the experimental training device 
zho\m in Figure 11-7 micbt frequently suffice in providing such intensive 
practice on certain key procediires. (This device is described in an unpub- 
lished staff mei::orandm by L. ii. StolLirow and L. P. Pottsepp^ "The Propulsion 
Research Unit Jet Engine Troubleshooting Trainer/' prepared at the Mainte- 
nance Laboratory of the former Air Force Personnel and Training Research 
Center. ) 

The utilization of such a simplified part-task trainer does not 
necessarily replace the more complex and completely instruinented training 
device^ but rather m.ay be used to supplem.ent it. This can often best be 
done by using the simpler part-task device to insure mastery of unit 
:;kills, reserving the more complex and expensive device for those portions 
of training for vrhich its characteristics are really required. 

In addition to its economic advantages ^ the sim.plified trainer may 
sc:uetimes actually be a more efficient training device than a more complete 
sirnulator because it makes for greater concentration on only the crucial 
aspects of the task diiring initial stages of learning. Also^ the rela- 
tively .-iinple part-task trainer makes feasible a progroin of intensive 
practice that leads to "overlearning" of crucial operations: The trainee 
continues practice of a critical procedLire until he can practically "do it 
in his sleep." This may cost too much when more complex devices are used. 



r,d Diagnosis 



Basic Requirements : "Decision m.aking" and "problem, solving" in 
elementary form, include many very simple choices that every child scon 
leai-'ns to m.alce easily and automatically. But learning to make good deci- 
sions in complex situations is undoubtedly one of the most difficult problems 
a trainee has to face. The need is encountered in a grea-t variety of tasks 
in nearly all phases of military and industrial operations. It will be 
exemplified in this chapter primarily in relation to the troubleshooting or 
diagnosis of malfunctions in equipm.ent systems. 
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It ±G generally l^elt that the ccmplox proceGoes of diacnocls or othei* 
problem-solving tasks cannot be fully mactered siniply by routine kinds of 
practice: Knowledge and understanding of guiding principles and of inter- 
nal cause-effect relationships often serm to be required. At the same time 
it is easy to carry this notion too far, and one of the main ways in which 
training devices can undoubtedly contribute to ability in such tasko as 
troubleshooting is tlirough providing a wide variety of suitably guided 
practice or experience in applying methods and principles in the diagnosis 
of actual or simulated malfunction conditions. 



Fi^actice in Troubleshooting : After a student can interpret symptom 
information and follow appropriate courses of action for making checks, 
training is required that vail give him actual practice in malcing the 
decisions involved in choosing alternative courses of action. For a com- 
plex system which can have a very large number of possible malfunctions, 
skill in making such decisions for troubleshooting requires the ability 
to formulate efficient strategies of diagnosis. This may call for extensive 
opportunity for practice before satisfactory effectiveness is attained. 

The troubleshooting of even an extremely simple system such as an 
automobile ignition system or a landing-light circuit may pose quite a 
formidable problem to the novice. For such a simp3,e system, adequate 
practice in diagnosing artificially inserted malfunctions can be afforded 
by a fairly simple mock-up, such as the one shora in Figure 11-8, composed 
of the actual equipment components. However, the mock-up must be designed 
with this purpose in mind, so that any malfunction can be inserted or readily 
simulated by appropriate adjustments made by an instructor. Use of simple 
test equipment such as a continuity checker then permits the student to 
conduct diagnostic tests to determine the nature of the malfunction. Even 
with such a simple system., however, the use of practice in using such job 
aids as a schematic circuit diagram or, better, a procedLuralized strategy 
of step-by- step checks^ is generally desirable. 

Synthetic Practice Devices for Troubleshooting; Complex Systems : V/hen 
the job requirements are for analyzing malfunctions in equipment of much 
greater complexity, use of an operational equipment mock-up in this fashion 
seldom provides a fully satisfactory training device. The necessary mal- 
functions often cannot feasibly be inserted in such a way as to give the 
students a full range of practice. Even if they could be, the carrying out 
of all the actual diagnostic checks that would be required to provide ade- 
quate practice in interpreting different patterns of symptoms, and learning 
to make appropriate decisions based on them, would be prohibitively time 
consigning. 

Requirements are thus posed for a device in which: 

1. Essential kinds of interrelations between malfunction con- 
ditions and observable indications can be observed and acted 
upon. 



EKLC 



2h6 

31 




03 














-p 
w 




th 






•p 




o 








'H 
W 






W 






at 






o 




a; 












s 


•H 




n 




o 


er: 






Pr 


• 










CO 




•P 




•p 




o 


w 


nel 


tan 


>^ 




w 


rj 


Ph 




H 

Pi 








o 




a 


?H 






•H 




u 


O 




•H 




















0) 


U 



S -P 

UJ O 

-P -N O 

o cd O 

•r^ ^ ^ 

?H d -p 
-P O 

o -H cj 

(D -P -H 

H Cd 

-P o 

H a -p 

O O 



o ^ 
»«j 2£ K 

^ ffl^ 

^ gw« H 

voo» ?(c^ 15 

4#J l&S ^ ^ 



00 

I 

H 
H 

0 



P=4 



32 

o 

ERIC 



J). .\ vic!c r:..n^^o of nialfuncticnG can be readily inserted 
in r.uch a \;ay no to produce appropriate cyinptcniG. 

The cause of these syinptcins can be discovered by analy- 
sis of data obtained at proper system check points. 

V. The procedures required to obtain this information and 
take corrective action are simplified so that they can 
be carried out quickly and yield appropriate feedback 
promptly to the trainee. 

The so-called "malfunction and circuitry" trainers (or "MAC") 
shcun in Figm-^es 11-9 and 11-10 v/ere designed as approaches to the require- 
ment for training devices which provide individual troubleshooting practice 
in a way that meets these requirements for complex systems. In these 
devices, a wide variety of malfunction conditions can be introduced by the 
instructor for the student to diagnose, simply by changing plugboard con- 
nections and switch settings. The experimental device shown in Figure 11-9 
was developed in terms of simplified inputs and indicators that simulate 
nearly all aspects of the operation and essential circuitry of the K3A bomb 
navigational system, in a way which would be efficient for training in 
knowle(fge of system functioning, data flow, and troubleshooting methods. A 
detailed description of the design and use of this device is given by 
French (l956a), and seme experimental data on its effectiveness in a training 
course are presented by French (1956b) and by French, Crowder, and Tucker 
(1956) • 

The conclusions of the latter study indicated that some modifications 
in the design of the device, including more realistic representation of 
some of the components, controls, and test equipment, could make it a 
highly effective supplement to the use of the operational equipment either 
in formal training courses or in job-training situations. The study demon- 
strated that apprentice mechanics could learn systematic troubleshooting 
procedures by use of the device under appropriate supervision of an 
instructor, employing logical analysis of the system's data flow as simu- 
lated by the functioning of the training device. 

The later model of the "MAC" trainer for the MA-7a bomb navigational 
system, shown in Figure 11-10, is described by French and Martin (l957) • 
This report suirjnarizes the main advantages of this kind of training device, 
as well as the specific operation of the particular device illustrated. 
Functional specifications for a similar trainer are given in a Technical 
Hemorandum by French (1957). In the later model "MAC" trainer various 
basic control elements of the device (such as the tracking handle) are 
reproduced realistically, as are test instruments used in performing diag- 
nostic checks. Major replaceable components are represented by small 
plug-in vmits. 3ome of the other components are merely pictorially 
represtjnted. liost of the indicators of system output are reduced to 
"go/nc-go" indications (represented by irdicator lights). 
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The biuMo ixdvaivtiiircc. :irJ diiuicivanLci^'io:.; of tliic type of trainin- 
lulririent are ^m:ii\arizcd by Frei.^'h and iMartin (1957). Seine of Lhc advan- 
la,:ej tiioy p.:..int out for the "i\AC" trainer, when ur>cd to supplement Ira LnJnr 
acca;ipl:iGhed on equirmcnt in the aireraft or a beneh moek-up, arc: 

1. A vadc variety of malfunction:: may be e:ipcrioneed and 
analy-ed in a relatively ::hcrt period. 

2. Training in bar.ie troubleahootinc Gkills may be aeeein- 
pliGhed \;ithout jeopai-dizinc operational coirjiiitments. 

3. The risk of dajnacing or seriously mir.alicninc operational 
equipment is lessened. 

The ecntrolG and indieators of the system arc elosely 
intecrated, uhieh is particularly advontaceous for 
effective demonstration or practice. 

5. A "i:AC" trainer costs only a fraction of the amount of 
the operational system itself, and requires negli^^ible 
maintenance. 

Amonc the disadvantages or limitations of the "riAC" type trainers are 

that : 

1. Since a "I-iAC' trainer reduces system operation to a 
simplified r.ljnple level^ there is little provision for 
experience in the interpretation of exact, quantitative 
readings and visual displays. 

2, Certain classes of malfunctions cannot be simulated vith the 
devices thus far constructed. 

The "MAC" trainer can therefore be reccrrinended as a highly effective supple- 
ment, but not as a complete substitute for the actual equipment in maintenance 
training prograins. 

Although such a device as a "MAC" trainer may require a considerable 
aiTiount of supervision by an instructor at seme points, the student is 
often able to proceed by himself on a "problem solving basis," particularly 
in more advanced phases of training. Practice on such a device appears to 
be an excellent means of gaining familiarity with system data flow, circuit 
analysis, troubleshooting procedures, and the use of job aids such as 
maintenance manuals. The device thus shares certain features with more 
completely automated "teaching machines" that are discussed in Chapter 12. 

Lilce the teaching machine, the advantage of such a device over 
conventional lecture methods lies in the fact that it challenges the student 
and requires active performance of appropriate responses, with immediate 
"feedback" as a consequence of the responses which" the student makes. 
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. 0 rurrt-.,'. tut.Lcu -nJ ;;.ii:.n:i.:Lri.-M] irulleaU'Vs -ind cc.ntrol:;^ :i]ul tluit 

:.• vlo.-.!,.^:-.L(I :;:vi cciiirtrujlcd apply to \;hc cvAiivinc I'or a pai'tlcular t:qu.i.p- 

:-xn\t /y;i:<:-:., 'Lin lal'tt-r i.Vaturo, inlicronf. :iu all ■•y:.'tf:,:i-].iiilvca traiu:ine: 

'^i-'^ -roiK:::ic -md lrv;i^'t:i.c d i r;advMnl::.t/;;c iliat a neu tra:incT muL;t 
.liv.U'ij 'v! I'.-r i.-.u;]: c^ii ;.Lr'::cnt ::;yL'tci.i^ and. niuyb be mcdified to reflect 
.'.;a,*(,r on;;lP.u('j':l.r.r: ciian,^;oc in rjucceusivo lacdelL:. of operational equliancnt. 
11:1.; iv^i .^n;!y ;irKa'ca:-:or the total cor;t of li-ainiiii^'; eouipiiient; :X3 ccmpared. 
\:l.tL \shj± ai l -.- •'(.lilovrt! ^-Lti'i ^^^Gnoral pvirpooo trainer::: but r.:ean:.^ that 
ccnol i.vrablo "lead ti..i^'" 1.: reouired in developing the device. Thoi.i(^h thiJ 
load Li:::c i;iay be oa-'i: le:a; tlia.r. would be rcujired in the case of trainerc 
:.r.ja:. ::ri];e ur,ten:aLv<.j wzc of operational equipment eoMprnentc^ it can rrlill 
bc' • L'C ja.ai'.i:'.blo f.'.cior in trying to acGiii^e tliat adequate trainin(_^ equipment 
!a ava:Il:;ble by i.b.o tir.e it ic required. 

On tho utlier b.and, CLi.ie kindc of training devices, are deuicned to fit 
the i'oqMirc-?nentG o£ a general clauc of training functions cciuncn to a nLiinber 
:>f jy-:to:.;G. Thcije may require, for their adaptation to the training of new 
..'ubr: (e^::.; thoce occaGlcned by a nc\r equipiaerit r.yrtem), only the prepiu\a- 
tion .-f ne*/ niaterialr., in verbal and pictorial fori:i, that can be printed on 
paper or fiLn. Tb.e latter materialG nornally take much Icgg tiirie to prepare 
and, particularly, to reproduce in quantity, than ic the case with "hardware" 
ocnficMrationc for a system-linked trainer such as the "iiAC" trainer. Cn the 
otlier hand, it r;.ay be difficult to devise a /reneral-pui^poce trainer which 
will afford the means of simulating all the aspects of system operation 
:.-eauired for effective practice in either the intellectual or procediiral 
a,ypocts of aysteia checkout and malfunction diagnosis. 

One solution tliat h.as considerable i:ierit is illustrated by the 
c'^^mbination of equipment shovm in Figure 11-11, described by Briggs (1956) . 
T};o prcgrar.u.iing of problem presentation and other information sources, inclu- 
dinr; the results of checks made by the student in the course of practice, are 
presented in pictorial, nu.^erical or verbal form on the screen of a micro- 
fiLr: device at the ri-kt. (This is a modification of an automated, device 
du:;cribed firther in Chapter 12.) It ic used in conjunction vath a mock-up 
of actual and simulated system cci-ipcnents as in the device at the left in 
vlC^Jre 11-11. Ihe results of m.anipulations of controls m.ade by the student 
on the left-hand device r::ay either be fed directly into the prograir^aing of 
the microfilm projectcr--or , more simply, the sequence of information pre- 
aented oy tlie latter may be governed by coded inputs to it that are 
Injected by the student or instructor on the basis of the results of 
::.anlpula,tions performed i;ith the ccmplementary equipment-ccmponent mock-up. 

This ::ind of combination may afi^c-rd m.any of the sajne advantages from the 
staa:dpoint of training as does the "['AC''' trainer and similar devices, but 
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•'^•tli rr*."'tt,< r I'Li'Xil i Li Ly i-.uin.MvlAV .1,^ i.i. l.i miuJ cdohciu'Lc quail ti.o;'. , 
'iiio :')•■ rv !i .-;''. iM:ui;(M«r uirin(.': cvoi'lLa uv olhcr inroriiial.Lon dl^playG can., 
.'I'Viom'.ly , :!. !:•.(• I'c \/Ith other ::y i; I'.oin;.' , or .rcpro^;^;r;urj]icd ratlior 

••■'-ily 't-y c^.-n. triu:L iii;^ nuv LMJja niatei-inlr. , to taJ;e account of :'yr"to)a 
c.-luui/.V..-:', At biio ::a;!u.' tJiiiu, rovloinc:; or ruplacinc ^i^c simulated, ccmponcntj; 
;:\ Li:o loft-liand ^Icvicn.? Tor uizo v/itli I lie no\; fllin pi^ocram can up-date the 
t l 'l OLa[ihin.jt.i'..;n \rit]\ inuch Icm: liiiio and ovpenJ:'e tlian mi^jht bo requjrod 
I'.'.' j.'o:uvfa'ucc a u'h.^vlj/ rio;; tralnei- or to make uxtenolvc circuit channer. in 
! tyvc di'vict.', 

:.any rv.rthor attimptc; have been made to I'eduoo the operationi. and, 
r ari icT.l' rly, l l;c Lntelloctual procecces and docisioni:. involved in troublc- 
,;]!(: otii.;;; or cciaplux equipment and other dia^noGtic problemc^, to simpler 
.:y!:;bolic rrrilerivilc or "paper and pencil trainer^:" (sec also Chapter 12). 
Often, the crucial ai-.pcctc of traininc are learning to make right decision^; 
cn the bai:;!.: of information: and tlie quoGtion of the form in v;hich the 
Infcri.iation Ic obtained, or the physical nature of the recponseG used to 
r^^proceut chockc to olrbain tluG information, may be relatively unimportant. 

TroubloGhcotin/T Trainers in Relation to Job Aids : It is clear that Gcme 
tlic kindc of information required for the design of training procedures 
'ind training devicer; for complex tacks Guch as troubleshooting may also 
afford a basic for information som^ces which can be used not only in training 
t ut alco cn tlie Job. This was noted, for example, for the malfunction 
infrrmation tabulation used with the "MIT" device depicted in Figure 11-5. 

The availability of such devices as accessible on-the-job information 
::ouj;ces may modify considerably the requirements for training that will be 
adequate to produce satisfactory troubleshooting capabilities in technical 
personnel. In particular, convenient accessibility of information that 
indicates th^e functional interrelationships of a system may mean that 
::;uch less knowledge of system function and of underlying theory is required 
than would be needed without the availability of such job aids. Thus it is 
important to consider the potential availability of proceduralized trouble- 
:jh.ooting guides (described in Chapter 7) in relation to the design of 
devices for troubleshooting training. VAiere suitable job aids can be made 
available fc-r proceduralizing part or all of the troubleshooting on complex 
equipment, the specification of training requiremi-nts should take account 
o:' this fact, in two ways. The first way is that, as above indicated, the 
amount of conceptual knowledge which a training program must include can be 
Considerably reduced (Berkshire, 195^; Hoehn and Lumsdaine, 1958). The 
second way is that the training program should provide explicit practice in 
t'no use of the proceduralized job information aids (in connection with 
r.;anipulaticn of cither actual equipment or synthetic practice devices) , 

The information in a job-training aid for troubleshooting may be 
presented in various formats and may make use of diagrairunatic represen- 
tations. The latter may either provide indications of contingent or 
"branching" sequences of procedure, in diagrammatic form, or may consist of 
d-j.ta-f low diagrams with pi-rticular elements and pathways emphasized in such 
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Figiare 11-12 • "Diagnostigram" for troubleshooting a flight- simulator. Such diagrams^ 
representing essential elements, functional relationships and check- 
points of a complex system, have "been designed to facilitate logical 
troubleshooting by simple "back- tracking" processes. This can be pre- 
sented in a handbook as a job aid^ or by slides or transparencies for 
class instruction. 
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iniorriation necescary to malu- the proiDer discriminations is f.-irst taught by 
eiiicient identification-training proced'ures. Final practice in the muscu- 
lar aajustmentG theniselves is generally best accomplished under the close 
supervision of an instructor. 

In inany instances, as in the case of procedural aspects of training, 
isolated equipment components can be used for this TDurpose with consider- 
able gain in efficiency. For certain skilled acts, vhich must be performed 
in out-of-the-way locations that are difficult of access or impose similar 
difiiculties, practice may be needec on the operational equipment as 
-nstalled in the complete system, cr mounted in a way that enables~the 
r:iechanic to learn ho^j to cope with difficult postiu-al maneuvers or accom- 
plish, by feel, an adjustment on a component which is not visible. (Hiese 
-eouirenents are sometimes not met in bench mock-ups of the equipnent.) 
!nien special motor-skill training devices are used for this end, however 
the requirements for their design are generally fairly obvious, once the' 
fcregoinG considerations are recognized and borne in mind. 

r:ew Skills: With the development of advancing technology-, ceriain 
new tasks requiring precise motor-skill coordination have come about. 
Adjustments to performing ordinary acts under "weightless" . or other special 
Gravitational or other unusual environmental conditions are a case in point 
out will not be dealt with eicplicitly in the present chapter. Another new 
Class of tasks that has accompanied the development cf nuclear energy is the 
use cf remote manipulators for handling "hot" (radioactive) materials. These 
represent an important, although apparently not overly difficult, training 
problem. Practice in acquiring such skills can probably best be accomplished 
oy the use^^of a device similar to the one shoim in Figure II-I3, in whioh 
the "input" and "output" components of the manipulator are mounted close 
together, so that the trainee can readily observe the results of his actions 
and be given coaching by an instructor where required. Seme additional 
problems may be encountered in training individuals to use manipulators in 
performing operations with materials v;hich have to be remotely viev;ed by 
means of closed-circuit television linlcages or similar means. The use of 
two-camera stereoscopic viewing devices for these purposes is a needed 
subject for research to determine the characteristics of training devices 
that incorporate remote-viewing components. 

Skills Requiring Complex Simulation : As indicated at the outset, the 
design of complex simulators such as flight simulators is an advanced topic 
that is beyond the scope of the present chapter. The number of such complex 
aevices that must be used in effective training can frequently be reduced 
by desif^n of appropriate part-task trainers based on careful analysis of the 
ccnponents of job performance. Readers who are concerned with the design 
of more complex simulators may wish to consult reports by Miller (195313) 
Gagne (195^)-), I/illiams and Adelson (195^0, Swain (195^), Hai ter and Pitts 
(19^0), Killian (1956), and Lybrand et al. (I958) . An account of some 
complex simulation devices for team operations is given by Chapman and 
Kennedy (I956) . Some pertinent considerations entering into the design 
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Figinre 11-13. Remote-Manipialation Training Equipment. For tasks such as remote 
manipulation^ where precise manual manipiilation depends on ''feel" 
coordinated \ilth' visual feedback^ actual equipment may "be preferable 
to artificial simiolation. For training^ however^ equipment shouild 
be mounted so that it pennits effective conditions of practice and 
coaching. 



43 



258 



ERIC 



of siiniaatcrs for training of team performance are indicated in conjunction 
lath performance measurement in Chapter I3, and in reports by Glanzer, Glaser, 
and Klaus (195b), Glaser and Glanzer (1958) . 



3i:rrjnary 



1. 



Effective learning of the numerous identifications required 
in performing many tasks requ:u-es controlled, active practice 
by students, rather than mere class presentation by an instruc- 
tor. Coach-and-pupil methods can be used to provide this, often 
using simple aids such as photographs or drawings in place of 
expensive equipment mock-ups. Practice should take account of 
the direction of association required In job activities. 
Knovrledge of "facts can often best be taught by similar prac- 
tice on the basic one-to-one identifications to which they may 
be reduced. 

2. An iinportant and often overlooked prerequisite for effective 
and useful teaching of principles is to identify those prin- 
ciples which lall actually need to be applied in performing 
job activities. These sometimes do not have much overlap with 
the principles that govern the physical fimctioning of an 
equipment system which a man is being trained to operate or 
maintain. Useful Imowledge of the relevant principles requires 
practice in recognizing their application, and actively 
employing them, in diverse situations to which they apply. A 
program of exercises to provide this extensive verbal or sym- 
bolic manipulation often does not call for any complex training 
equipment, though control.led presentation and checking of such 
exercises to individual trainees may be greatly facilitated by 
appropriate self -instructional devices. 

3. An exhaustive prior analysis and systematic tabulation of the 
multiple interrelations among malfunction conditions^ mode of 
operation and output indications in a highly complex system can 
often be very useful as a basis for designing training exercises 
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and devices^ as veil as for codifyine infcrniaticn in a form 
that can be uoed as a reference guide for job activities. 

The effective teaching of exacting sequential procedures 
should proceed frcn a break-down of lengthy tasks into shorter 
ones; each of which can be leai'-ned by following step-by-step 
instructions or imitating a clearly presented demonstration. 
Suitably designed films are a good means for providing such 
demonstrations in reproductible^ standardized form. These 
should be designed to allow iirjnediate practice after each 
step of the demonstration. 

The difficulty of recalling lengthy procedural sequences can 
be greatly reduced if training can be based on the availa- 
bility of suitable ,iob aids . Similarly, the requirements 
for troubleshooting training can be greatly simplified if 
proceduralized troubleshooting guides or similar job-infer- 
Illation aids can be made available both in training and on 
the j ob . 

Fractice of many procedures by trainees can utilize incom- 
plete components^ surface mock-ups^ or inexpensive replicas^ 
reserving the use of functioning equipment primarily for 
those procedia-es which ii^ipose the need to respond to complex 
displays or to learn the "feel'' of the response. Even for 
complex procedures^ a combination of simulated and real 
components with special circuitry to provide feedback may 
provide a relatively inexpensive substitute for operational 
equipment. This applies both to procedural training and to 
practice in malfunction diagnosis. The design of such equip- 
ment can often be facilitated by substituting simple^ "go/ 
nc-go" indicators to indicate equipment conditions. Use of 
ine:qDensive mock-ups wherever possible can im.prove training 
by making it economically feasible to provide sufficient 
intensive practice to assure "overlearning" of crucial 
operations and discriminations. 
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In particular, assuriiig sufficient practice in the 
interpreta tion of malfunction smptcms for complex sys- 
tems and in choosing effective courses of action is likely to 
require synthetic devices, in vhich the effects of a wide 
range of malfunction conditions can be readily inserted for 
the student to diagnose. Simulated plug-in units and sim- 
plified indicators and controls can be employed in such 
equirii:ent so that the results of diagnostic checks or hypothe- 
tical component replacements can be provided promptly to the 
student. Such devices, exemplified by the "MAC" trainer, pro- 
vide efficient practice in basic decision-making skills, and 
form an important complement to practice with operational equip 



rr.ent. 



As an alternative to trainers which simulate the data flow of 
a particular equipment system by functional interconnection of 
components, devices that present programmed exercises in sym - 
bolic form have the advantage of greater flexibility in 
adapting to system changes. Such readily reprograr-jned 
problem-and-information presenting devices can be coupled 
with the use of relatively simple mock-ups of the external 
configuration for a particular system by use of coded inputs. 
This combination offers possibilities for system simulation 
of troubleshooting problems that can be adapted to system 
changes merely by constructing new program materials and 
making superficial changes in surface configurations, rather 
than by complete redesign of complex training- equipment hardwar 
The sometimes very complex requirements for effective motor 
skills trainers are not treated in detail here, in view of 
the decreasing prevalence of motor-skill requirements in many 
jobs. Skills requiring precise muscular adjustment to feedback 
from the "feel" of the operation are often best taught by 
suitably guided practice on the operational equipment or on a 
ccr.plex simulator. 
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Classroom Training Aids 



Use of "Classrcci::- Traine-rs" that Depict Equipment Characteristics 



Ci;rrently^ there is the beginning of a desirable trend for designing 
training devices that are specialized for effectively attaining particular 
kinds of training objectives, as described above. This tendency^ is still only 
an incipient and partial one, and a great many classroom training devices are 
still constructed which must somehow be used for trying to attain several 
kinds of training objectives that the designer has not always had clearly in 
nind at the outset. These training aids are characteristically organized 
in terms of equipment systems rather than in terms of training functions . 

These "classroom trainers" are used, in practice, primarily as visual 
aids for classrocm lecture-demonstrations. Seme of them are mock-ups con- 
sisting of actual equipment components. The latter are sometimes mounted in 
such a way that system functioning can be demonstrated. The "demonstration" 
thus provided should be sharply distinguished from the kind of procedural 
demonstration used as a basis for giving directions which the student will 
imitate in acquiring procedural skills, as described in the section on 
"Effective Use of Procedural Films" above. 

The ''demonstration" usually afforded in classrocm use of devices is 
usually not a demonstration of procedures but a "demonstration" of system 
functioning. This is given on the. rationale that understanding or observing 
the operation of the system will lead to understanding about its functioning 
that may be useful in its operation and maintenance at a later time. As 
already noted, this assumption is often questionable, and may fail to be 
supported by an analysis of what men actually need to do on the job. 

There are also two v^eaknesses in the way such demonstrators are 
customarily used. Firsts so much time frequently elapses between the instruc- 
tional demonstration and any application of v;hat has been presented that much 
of what has been learned is forgotten by the time it could be applied. The 
second weaJcness is in the inherent characteristic of the lecture-demonstration 
form of instruction, which provides no means for assuring that sufficient 
recitation and repetition is provided to guarantee that the student gains any 
real mastery of the material. These deficiencies have been clearly demon- 
strated in experiments in which objective tests were used to reveal the amount 
of information retained iirjnediately after the lecture-demonstration as well 
as the amount, if any, retained by the time the information was presumably to 
be applied--a number of days or weeks later. Some data illustrating these 
points, and also indicating something about the comparative effectiveness of 
the various forms of lecture aids, are presented in reports by Swanson (I95i|), 
Swanson, Lumsdaine, and Aukes (1956)^ and Shettel, et al. (1956). 

Classroom training devices are ccirjnonly classified into several broad 
categories on the basis of salient features of their physical characteristics. 
This basis for claL'slf ication is often a reflection of the fact that training 
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objectives have not been deiined in terns of the hvinan perforoances that 
neea to be achieved, so that the various forms of devices irerely reflect dif- 
ferent forms of system depiction ratlier than being conceived in relatim to 
specific ftmctions of training. The major categories of equipment are: 

!• " Operating mock^ui^s , using actual equirment components 
interccnnectecL so as to function more or less in the way 
they do T;hen installed in operaticral locations. 

2. rlcnoperating mock-urs , similarly arr-jiged cmd consisting 
either of equipment components or replicas designed to 
simulate closely the appearance of the actual components. 

3- Cutaway mock-ups , generally cciriposed of actual ccmTDonents 
that are partially dissected to afford a display that 
reveals internal appearance and scmetLmes shows internal 
functioning. 

So-called " animated panel " displays, in v^hich the system 
components are depicted pictorially and/or by simple 
semi-x^unctioning m.odels constructed of plastic, plyiracd, etc. 

5* Transparancies and related devices such as slides, using 
optical projection of a transparent photographic repre- 
sentation. 

6. VJall charts for classroom display, using photographic or 
other pictoralized representations of system, components, 
their connections and operation. 

In addition to these six classes of visual aids, an important classroom 
teaching device is the self-contained fito presentation , incJ.uding sound fil^n- 
strips and sound (or sometimes silent) motion pictures, which are further 
discussed u..der 'Special Forms of Classroom Aids," below. ]jnportant features 
of these, aside i>cm the obvious capability of depicting motion, are that 
(1) they are automatically sequenced or programmed, and (2) they are self- 
contained, in the sense that they provide a total presentation of depiction 
and exposition. The latter characteristic distinguishes them from the first 
six classes of classroom devices, which are normally used only as visual aids 
to a lecture by an instructor whose individual skill, in organizing and pre- 
senting the lecture, often determines the usefulness of the visual aids to a 
much larger degree than the inherent characteristics of the devices themselves. 

Specific Characteristics of Six Forms of Visual Aids 

Certain characteristics more or less specific to each of the six 
above-noted kinds of visual aids are worth considering, especially in view 
of the wide use of such devices and the prevalance of the method of class- 
room .instruction for which they are employed. Their uses for this purpose 
-5 well as some potential other uses are discussed below. 
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Qperatin,^ Equirment MocK-Ups : A representative panel mock-up of this 
type vac shoim. in Figure 11-1, for t-ie hydraulic system of the medium 
bcmber. A different type of mock-up i3 she™ in Flgi^re 11-1^. Axi alleged 
advantage claimed for such devices is that they show actual system function. 
This characteristic is frequently not employed in actual classroom instruc- 
tion for more than a brief period. Often, because of the difficulty of 
maintaining the device it jo not employed at all, and in some instances the 
noise produced by operation of the equipment is so great as to prevent its 
operation frcn shoving much of anything except that the system does, sure 
enough "uork" — a conclusion which the student might reasonably be asked to 
take on faith. In addition, the cost of such devices is very great. 
Accordingly, it is difficult to recommend the large s\ms that they commonly 
require^ particularly in vie\T of the fact that the functions of visual -dis- 
play for which they are in fact primarily used can be served as well or 
better by much less ezq^ensive forms of classroom training equipment. 

The exception of this rather strong indictment of such devices lies, 
of course, in those cases v/here students can usefully perform actual 
practice work with them, such as troubleshooting an operatir.,;: system. This 
might, for example, be accomplished to some degree with such mock-ups of 
electronic equipment as the one depicted in Figiore 11-1^. However, the 
complex operating mock-up is cciTimonly not made available for required prac- 
tice and its potentialities are thereby lost. 

The nonavailability of such devices for student practice in v/orking 
on them stems from two considerations: First, such devices are often very 
e:cpensive, and thus are not available in sufficient numbers to permit any 
useful amount of individual student practice in assembling, disassembling, 
adjusting and regulating them. Second, because of the costliness of the 
devices and their demand for instructional classroom demonstration (in view 
of the unavailability of other kinds of aids suitable for this purpose), 
the student is not permitted to "tamper" with the equipment. 

There are two consequences to this unfortunate situation. One is that 
the main justification for operating mock-up devices exists only in theory 
rather than in practice. The second is that the first actual practice the 
student gets is on the operational equipment- -oft en not imtil he is assigned 
job responsibilities in an operational situation. Tliis of course may have 
consequences that are vastly more costly than it would be to provide component 
mock-ups on an adequate basis of issue for the pi.irpose for which they are best 
suited, namely for the conduct of practice on procedures and malfunction diag- 
nosis. 



rionoperating Mock-Ups of Actual or Simulated Three^Dimensional Com ^ 
pcnents : Devices like the one shoim in Figure 11-1 are frequently used as 
visual aids for lecture presentations, in nonoperating condition though 
with intact elements of operational equipment functionally interconnected. 
An r;lternative itrhich has been explored is the use of simiulated components, 
depicting the actual ones with a high degree of fidelity, but consisting 
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of plastic and other ersatz :riaterials. To the extent that an exact, thi^ee- 
diinensional replica of equipment ccinponents is desirable, the latter can 
have the advantage of being lighter and possibly cheaper, especially if a 
large number of copies is required. In addition, they may help solve the 
problems of lead time, and avoid the competition for actual components 
bet^/een the needs of training and those of meeting demands for operational 
use of equipment. 

Hovever, the advantage of the three-dimensional replica may be seriously 
questioned as classroom aids as compared to less e>:pensive depiction by means 
of realistic charts, photographs, transparencies and the like. Simulated 
components made of plastic may also fail to provide the necessary character- 
istics for adequate practice of some of the skills involved in removal^ posi- 
tioning, assembly, disassembly, and the like. Accordingly, the designer of 
training equipment should very carefully analyze the function that any 
expensive synthetic components are designed to serve before recommending 
that they be developed and manufactured. 

Cutaway Mock-Ups Employing Actual Component s: These devices are often 
arranged much like the configuration in Figure 11-1. V/ith rare exceptions, 
the advantages of such devices over well-designed photographs or drawings 
(see Figure II-3), supplemented by occasional disassembly of components for 
practice in performing internal adjustments, can be seriously questioned. 
This is particulai'-ly true in vie-^.: of the usually very high cost of the 
cut-away assembly. 

One purpose which a single copy of a cut-away or other ncnoperating 
mock-up may usefully serve, in some instances, is that of affording a con- 
venient way to assemble the equipment for use in producing photographs, 
charts, transparencies, and other two-dimensional visual aids. For this 
purpose, of course, it may frequently be advantageous to use a quite dif- 
ferent layout and form of construction for the single copy of the mock-up 
than what would be required for constructing mobile display panels. For 
example, the parts may be laid out more realistically in relation to the 
locations inhere they would normally be found in operational situations, they 
need not necessarily be so ruggedly mounted, etc. 

" /^Jiimated Panel" Displays : Tv;o examples of these are shora in 
Figiires II-I5 and 11-16. The first, in Figure 11-15, is a display for the 
hydraulic system of the B-^T, and v^s used by Sanson (195*^-) in the above- 
cited experimental comparison of learning from lecture-demonstrations on 
subsystems. It actually consists mainly of an enlarged diagrammatic represen- 
tation of the system, using simplified representations of components with 
painted lines to represent tubing interconnections. Some of the components 
are constructed with moving parts to illustrate their operation. 

The device sho™ in Figure II-I6 is one of a nmber of types of 
" illuminated animated panels," Such panels may employ indicator lights, 
transparent drawings which ay be illuminated (sometimes in multiple modes 
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Frigure 11-16 • Illuminated "Animated Panel" for an Electrical System. Various 

schemes of illimiination-of pathways and components are used to 
indicate system functicninc in a lecture-demonstration. Value 
of nuch aids can be questioned as compared vith various alter- 
native devices (see teywt). 
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to Gncv diiferent asrocts oi' o^eraticn or produce P.vv?.rent nioticn of iirternpl 
ccnronentG), njid vnricus foiT.iG of illuminated nP-tin:ayG chcwinc electrical 
pneur.iatic, or hydraulic intercorjiectionc l:otveen such ccnpcnentc. In nany 
such devicec, the pathways involved in different ^haces or nodes of operation 
can te differentially 511uninated to increase clarity of depiction. 

This kind of differentially illuminated display can undoubtedly have 
ccne advantages in depicting the principles of system functioning and, vhere 

tcchM^.-^r'.''^'? ^'"''"^^^ "-""^"'^ "° ^PPl^^^ ^he performance qf 

a technician's job, the animated panel might serve a useful traininr function 
nowever,^ an equivalent display can very often be created and r^rcdSced a^ 
very raucn lover cost by the use of transparencies (see Stolurov and 
Lurisdaine, I956) . 

TransTparencies: As vith slides, these are used vith a standard, general- 
PL^pose transparency projector. It projects a series of transparencies pro- 
viding much the sar.e hind cf visual display as the animated panel, 
considerable flexibility and variation of depiction in such transparencies 
can oe acccmplished by the use of multiple overlays and other devices for 
providing differential illumination of components or pathways. As ccm.pared 
vith the animatoa panel, the transparencies are, of course, far lighter Zd 
more convenient to use, as veil as much cheaper and faster to prcdSce. 

In vieu of the many advantages of transparencies, the cost and time 
involved m the design and construction of anim.ated panels can be verv 
seriously questioned. A detailed consideration of illumination and depic- 
tion characteristics of such displays is jrovlded in a report by Stoluro.: 
and Lumsdame (1956) . A more detailed consideration of some of the per- 
tinent aspects of visual displays applying both to the illminated and 
(1956) e^^Phic training aids is provided in a report by Saul et al. 

'./all Chai-ts : One of the disadvantages of a total equipment display 

■Ttl'^Tlt t V. ''-^^ ''-'5 and 11-16 is tha? so much material 

1. preoent that a student m.ay be distracted from focusing his attention most 
effectively on a particular aspect. A study by Aukes and Simon (1957) for 
exaiiiple, showed that somewhat better learning was obtained in a lecture- 

IT^'T/tT ri^^ "--dd-a-parf display in which various subassemblies 
were added to the display as they became relevant to the accompanying 
e>:position presented by the instructor. This kind of advantage can be 
readily realized by use of charts such as those sho.m in Figure 11-17. Such 
a display shares with projected transparencies the further advantage that 
different lorms of depiction can be used as appropriate. 

^ ■^i:thin the basic limitation of training functions which can be served 
oy the lecture-demonstration procediure, the flexible use of such devices, m 
the form of transparencies or wall charts, has an outstanding advantage over 
other forms of displays, and should be given very serious attention in 
com.petition with other more eiqpensive and cumbersome teaching aids. Because 
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of their much greater flexibility and often superior convenience and 
durability, transpai-encies are very often preferable to wall charts, except 
where cuch factors as poor rocm ventilation give the wall charts an advantaee 

The cost of supplying an ample mmber of projectors for transparencies 
or other projected aids is negligible as compared with the cumulative cost 
oi providing new equirment mock-ups for each new system. Adaptation to new 
requirements can be accomplished simply be constructing new materials-- 
transparencies, fiLns, for a new system. The cost per system for projectors 
IS v.;-ry low indeed, because their longer useful life means lower net cost 
per st-.dent, amortized over a period of time. Conseauently, a larger munber 
oi devices can be economically procui'ed. Ue might, for exajmjle, buy enough 
filia projectors and acts of transparencies to have one for every five stu- 
aentG, for the saiiie ajr.ount that it might cost to buy one operating system 
mock-up per system for every fifty students. This difference in equipment 
availability can be a crucial factor in the effectiveness of training- -for 
example, cy mailing it possible to schedule instruction for each student just 
prior to the time when he will put the information to practical use. 



Special Forms of Classroom Aids 

Motion Pictures: Speci 1 applications of motion pictures for procedural 
training have been noted cov-. In seme cases their use for specia l appli- 
cations of this kind may c: ....re ;..r,rrtant thai: their use for ordinary 
classrccm instruction, r.evertheless, -hen classroom instruction of the 
lecture-demonstration fcrm is to be ^ced, well-designed motion pictures have 
tne advantage that they rc-pr._ .it a .elf -contained or almost fully "auto- 
matea form of presentation. Because of this fact, they can escape from the 
limitations imposed by the .iiortages and deficiencies of local instructors 
which m practice often seriously limit the effectiveness of visual classroom 
displays. This is particular 1, inpcrrant since, as shoim by re a studies 
a lai-ge amount of the ir_rcrmation that is Imparted in classroom cture- 
demcnstrations may be con/eyed primarily -y the spoken material rather than 
oy tne visual display (see 3wanson, Lumscaine and Aulies, I956) . 

The cost and time reouirea L.. produce films aimed at very specific 
instructional objectives is often surprisingly low as compared with general- 
purpose fajnili-arization films or other "training" films of the kind that 
anploy elaborate dramatic sceneries patterned after the entertainment film 
maustry. Satisfactory films can often be produced locally with very 
limited equipment- -sec the previously cited report by Greenhill (1955) • 
;.a.Jor references that provide guidelines and research evidence on the 
eiTectiveness of instructional films are those by Hoban and vrn o---'-r (IQ-^O) 
.1. I::, i.iller et al. (I957), and may and Liansdaine (1958) . ^ 

One kind of film can be produced very inexpensively indeed, by simply 
ta^^mg a TV-style ' film.ed record of a good lecture-demonstration that 
employs appropriate visual aids. This technique has been used experimentally 
m the Air Force (see Ghettel, et al., 1956) . Use of two cameras permits 
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rio::ible utilization of close upc and shifting frcm one display to another. 
Guch a fiLn can be quickly filmed^ and easily refxLned to update it. Like 
other films ^ it can be reproduced and transported cheaply, can utilize more 
proficient instructors than are normally available in the field, and~-per- 
haps most important --can be shown or repeated shortly before the information 
it presents needs to be utilised on the job (Shettel et al., 19^6) . 

Since most of the material taught by any form of lecture-demonstration 
i:: often quickly forgotten^ particularly if not soon put to active use^ this 
feature can make the filar.ed presentation considerably more effective than on 
equivalent "live" presentation. It may be noted that this kind of filmed 
lecture -demonstration has recently acquired a considerably vogue in public 
education^ as illustrated in the year-long filmed courses in physics and 
chemistry sponsored by the Ford Foundation and distributed by Encyclopaedia 
Eritarinica Films • 

' i-iixed ' Types of Classroom Demonstration Devices : Devices combining a 
-^^11 operational mock-up together with test instruments and integrated 
supplementary display panels may be used for classroom demonstration purposes 
as \rell as sometimes being adaptable for individual practice in performing 
certain job operations. One exa^nple is the combination of training devices 
for the Fe6D electronic fuel control system that is sho\m in Figure 11^18. 

A somewhat different kind of combination is represented by the jet-engine 
training device shcv/n in FigLire 11-19. This combines actual aircraft instru- 
ments, and seme controls^ with an illuninated panel. It is designed to show 
internal engine operation correlated v:ith control actions and corresponding 
instrum.ent indications. Provision is included for demonstrating how both 
internal functioning, and outward indications of instrments in response to 
control settings, are affected by certain malfunction conditions. \Jhere an 
understanding of the internal working relationships contributes to the ability 
to apply principles in proper interpretations of observable indications frcm 
instruments and other s;>ariptoms in malfunction diagnosis, such a device may have 
considerable training value. 

However, much will depend on a careful analysis of the way in which the 
infoririation displayed does actually contribute to job operations and of the 
extent to which the use of the device results in these interi elations actually 
being learned and applied by the student (see West, Smith and Sxolurow, 1957 
and Adams ct al., 1957). ^ 

In cases v/here it is decided that the kinds of displays afforded by 
siich a device r.ay maJce a useful contribution to training, consideration 
should be given to the possibility of representing them through more 
flexible and inexpensively reproduced means such as a combination of trans- 
parencies and short motion picture "film clips." In some instances, 
production of the latter nigiit be facilitated by basing them in part on 
filmed demonstrations of a single prototype equipment mock-up somewhat 
similar to the one shcwr. in Figure II-I9. 
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1. The effectiveness of devices used as visual aids for pre- 
senting information about equipment components and 
functioning depends to a large extent on the ability of 
tlie instructor to contribute to attainment of training 
objectives tlirough the often quite inefficient method of 
lectia^e-demonstration. 

2. Within its inherent limitations, such instruction will be 
most effective if given shortly before the student is to maize 
active use of the information presented. This and other 
factors militate in favor of using inexpensive, two-dimen- 
sional displays reproduced in multiple copies. 

3. The use of expensive operating or ncnoperating equipm.ent 
moclc-ups using actual or simulated components as lecture 

is frequently very questionable as compared with 
almpler, less expensive and r.iore convenient kinds of aids. 
In general, mock-ups should be reserved for actual practice 
of procedures by students. A single mock-up may also be 
useful as a basis for constructing photographic transpar- 
encies, filmo or othrr two-djjnensional aids. 

h. The variable display afforded by animated panels of various 
sorts can sometimes provide a superior display for explaining 
system functioning but, in view of the expense of the ccm.plex 
illuminating panel, the use of comparable displays presented 
oy multiple-overlay transparencies is generally to be 
re^crrj-iiendcd as preferable. 

5. Projection equipment for effective use of transparencies 
and films can be available in each classroom for compara- 
tively little cost as cc:,apared with that of equipment 
moc];-ups. Materials for use with such devices can be pre- 
par-ed relatively cheaply and quickly, per:ni-:.ting ready 
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adaptation tc. c:.\yUi:\ chiinc^::^ IT avallal l^.- L;hort-i:ut 
rTLduotii.T. :;.othCihi are uijucU 

o. ::otiLii pictui'o presentation of infcrinaticn Y vj the 
:i'ivanlac;e over lectiirec tliat it ij self-contained, 
L:.t/.indardi liable at hi.i^h quality nnd^, unlike UL:ua.l roriUL^^ 
of clasGrc.::.! vicual aidc^ docG not depend prcdciiiinately on 
ri:e l'.:eal availability of export iniotruetorL' , 



Some Special Factors in Design and Use of Training Devices 

Active Student Recpcnjo in Classrocm Instruction 

Ser.e of the major dicodvantages of classroom lectm-^e-demonstration 
instruction can be partly offset^ with resultant gains in training effective- 
ness^ if provision is made for active student response during the presentation 
of the class instruction. The latter should be designed to serve much the 
s^ar.ie functions o^ quizzing^ active rehearsal^ checking^ and correction as in 
the case of the caching machines and other individual-practice devices dis- 
cussed in Chapter 12. \71iere individual instruction of this kind is not 
possible^ these functions can sometimes be effectively implemented in class- 
rccm. instruction by the use of appropriate training devices^ even though the 
advantages of permitting individual students to proceed at a rate ccmmensuirate 
with their individual abilities is necessarily lacking. 

Convincing evidence of the value of this technique is found in a 
number of studies in ^./hich the contribution of "active participation" or 
active student recitation^ interspersed between segments of presentation by 
an instructor or a film^ has been shoim to result in marked gains in the 
oi'iount learned. Follovang an initial study conducted during World War 11^ 
in which this technique was used with a filia for teaching simple verbal 
associations (see Hovland^ Lumsdaine and Sheffield^ 15^9) • the technique has 
been adapted and extended to the learning of concept^.^al materials and various 
kinds of skills. Revieirs of some of these studies are presented by Allen 
(1957) and Lumsdaine (1959a). They are well worth consulting by the indi- 
viduals who ^.dsh to improve the effectiveness of class instruction. The 
evidence indicates that such devices can contribute appreciably to student 
motivation in a classrocm situation^ relieving boredom and inattention^ but 
that their primary contribution is in terms of the direct effects of the 
]practice that is provided on the learning of specific materials. 

Guccessful application of this technique usually demands tin^ee things: 

1. ''areful analysis of the objectives of training to determine 
th.e principles^ associations^ and skills that are most dif- 
ficult and crucial to learn. 

276 

ERIC 



ERIC 



.\ Adv; lec plMunlnc of Lliu clanin-cciii InEtruc bion procediu-er. 
to :.r.iJ:c pro\'ii.;:i.on I'or an appropriate :,uiiount and type of 
Crchp practice;, "recitation" cr similar "pm'ticipation. " 

3. rrovirjicn of appropriate dovicec and iriatcrials \/lnch studontn 
can iir.o effectively in cucli classrocm oxercisea. 

TliOL-.o ;;iaterialc may consist of simple nncv.'er sheets in v;hich ansv/ers are 
recorded m verbal cr munerlcal terms. In other cases it may be desirable to 
i:.;e worksheets such as tlie one ahoim in Ficm-e 11-20, on which responses to 
quoL'tions and short problems posed by the instructor are indicated on sche- 
i.'iatic or functional diacrajus that correspond to the display presented by the 
.instructor (cf Fi-iffe 11-19). Actual or similatod equipment components 
[ci. i'l-ure 11-4) are also useful to allou student response to exercises or 
quenticns posed by the instructor or by a specially-designed film. 

The i.iost effective use of the active class-response technique can 
nerb.aps be :uade by building provision for the recitation-practice activities 
into a Dasio training device from the outset. Tliis is cleai-ly illustrated in 
tne case oi fiLnc, where appropriate questions to be answered at nmnerous pre- 
planned stopping points in the fiLn can be posed verbally and pictoriallv in 
the film itself. 

/aiothor \ray of implementing this technique can be used v/here the subject 
:;!att.er is of a naturae that verbrl or sjinbolic responses can be readily coded 
in simple multiple-choice fashion. This is through the use of a device such 
as that shc^/n in Figur^e 11-21. This is one of a family of classroom response 
c.^-vices m which each student indicates his answer, to questions posed fol- 
lov/mg short segments of instruction, by indicating an answer choice with a 
switch that can be connected to a central console. The latter provides the 
instructor with a visual indication of the proportion of students responding 
correctly and, if desired, the proportion giving each vn-ong answer choice. 

Similar devices have been described by Carpenter, et al. (I950) . A 
simple and fairly satisfactory device can often be constructed out of available 
components, i-iore elaborate devices can permit totaling the errors for indi- 
vidual students to give each one a cumulative "score," and thus provide a 
continuous testing function during the course of instruction. Beneficial 
effects on student motivation and attention that can result may or may not 
justify the added cost and ccmplexity that is involved. In general, simpler 
devices have much to reccirmend them for most purposes. As in the case of the 
individual self -instructional devices discussed in Chapter 12, the most 
important factor in the effectiveness of using any such devices for active 
student response lies in the programming :f the instructional exercises which 
are used in conjunction \nth it. 

A special advantage of even a simple device of this type in a flexible 
presentation provided by a good classroom instructor is that the instructor 
can mcaify his presentation on the basis of the feedback. He can thus clarify 
points which an appreciable proportion of the class appear to have missed. 
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to ;j.lo;^ ;.ctivc^ Gcored Recponoec to QuoGtionc: in a Class 
colector CT/itches^ Glicvn in Iovot picture^ to register 
portion civing each rcGponce ic dicplayed to instructor 

cho-vm in the upper photocoraph. Accessory equipment can 
anent record of each student's performance, 
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With but ilttlt* r.rvr i njir\.iin.'nbatiou^ tiu.' t'.la;;;. rc ^iii-rui'ponLio cuulrinent cai 
aliio ho Kiade t^^ Imiloalo the I'ODpoiU'.r;; oi.' ;i.nd i.v:id\ial LitiHlont:; to tlic 
incbructor, i;o that i..'ir>.blccl to dlrc^vt Turthor qucarblonL; at :.iny incl:i,- 

viiliial jjtudoiit. 



lVol:L]!ilnar.v TryouL of Prototype Trainlnr Device:; 

Often a tryout of a very preliminary rorm of prototype of a trainln{3 
device may pay lorce dividendi^ in improvin/3 i;aibccquent dcviccc. A Gpecial 
U3e of the Gtudent-roGponcG devicoG juGt diccuGL^ed :Lu in tectinc a proliini- 
n:ii-y version of an inrrtructional presentation, Guch ao a motion pictiu^o film, 
which iG ].ator to be Gtandardi:::ed. Coinc thiG will often result in clarifi- 
cation of many errors, misconceptions, or failui^cs of ccmprehension which 
would other^:icc co unnoticed hut which, once detected by such a technique, can 
be readily rectified by niodif icationG in the presentation. 

The construction of a preliminLa-^y version of a traininc device (even in 
.:uch a crude form as that shovm in Figure 11-7, Tor example), and its tryout 
v;ith sample ci*^^ups of typical students, will often result in great improve- 
ir.ent of tiie final product. This kind of tryout with a preliminary "bread- 
board" mock-up is, of coui^se, standard procedure for detecting deficiencies 
and improving design to obtain better equipment functioning. Unquestionably, 
it T;ould be very beneficial to extend this rationale to the development of 
almost all traininr; devices also, in order sijnil-arly to improve the "output" 
of such devices as measured in terms of the amount of learning resulting from 
the use of the device. The meet straightf or^i/ard application of this is 
Lifforded in instances where the instructional device will be a "self-contained" 
one as in the case of a film or teaching machine. 

In the case of an instructional film, an e::tremely crude presentation 
either in the form of a film strip, a preliminai^y "take" of 'the motion 
pictui^e sequences, or even a "live" presentation to students of what is going 
to be later filmed, can contribute a great deal in this respect. Research 
^■vidence indicates that very often the instructional characteristics of such 
a crude preliminary version are closely similar to those of a finals polished 
product, if the latter, despite its "polish" and technical refinements, 
retains substantially the same sequence of basic verbal instruction and vis- 
ualization ideas (see May and Lumsdaine, I958) . 

For exariple, in the illustrative d .a shoi/n in Figure 11-22, the relative 
amount learned on different test items corresponded very closely between the 
test scores of a group that was shoim a preliminary film strip and a group 
that w^as shown a final polished filia following the same sequence of presen- 
tation (Zuckerman, 195^). This was true despite the fact that the visual 
materials used in the preliminai^y film strip were extremely crude as com- 
pared with the slicked-up presentation afforded in the final film, (A recent, 
unpublished study by Gropper and Lumsdaine has also demonstrated the feasi- 
bility of effecting significant improvements in the effectiveness of a film 
(or TV lesson) by using inputs frcm tryout test data for a preliminary 
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□ training film audience 



Figure 11-22. Ccmparative Item-lDy-Item Teaching of Preliminary and Final Forms oi 
a Training Film, 
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■^■[^['"l 'i-^---' i.'i-^^i.V ct!i(-r la" tra i ii.i r./: ^Irv loi-'. Thu lutyolM' Jn the 

oi' id'.;'.!.' ^ :.t::;:'' 'C,i.;:L-l>:i.(.ai:; , 'ipiaTipriMt* .Ln^riion.;^ opportunltj or., and l^Iik j- 
l/ ut'.wij Uiat. ]i;;yclin.li.v^j -t,, havu roimi.l cmiLrilaito to orrucbivc loam i 

•ind r.ot_^ t r ii.i.'ir Lly^ in tho :;.l.:io]\no::,:.: of Lhe Ul-vIc^o in ton.u; wi' fancy [))iol:o- 
- r iphy, :.U'ti.'.t I.t' rondO'i'inf;, or clu'cniL^ I r iiiunin/^. Tho la/ltci' .'r.ay ]-Cir«i.;.'.bly 
\/\vr jc!::e oi'i'i.id; on MecepUibiil Ly ti^ stiidL-nt:.; jud thuii- ccn;;i.'.p:cn{.. mo l iva.tl (jn 
(l iiciiidi tlii;- h.a:; ncv* t been -•Icu'ly ;Ioi:ionrd,i'atc?d) , l ioro likely, liieii- rna/ior 
cL'i'octJ i;iay :.;-ii,.nly bo in ii.rproGiJln;;; triilninf-; :;.ui)i'j.'vi;-:(Vi';.; mju.I aiJininiivlrator;.:, 
.'.iiid mny ivjvc la-lativcly llttlu bo do uL 111 tho orfoc L I vono;;,:; of n clovicc Tor 
lr:.iinin(^- . In jciao i.nctanco:: 'Tauoyini;': up" a training:; pro:;entation i.!:xy oven 
:K!Vo an advoi\;'c errcob on lo;a'nin[:;, -'-^ found in o. ;:,trcly i'eportcd by iiay 

•:nd Lvani/dainu Cl'.^'3'^) I'.^r tho car-o o,; i-.ho in/iudioicu.!:;. ui:*.' ol' cartoon i.llu:.:- 
tl ,n;; and other Juj::crL U.; eI'i't:obJ in a traininc fil];: de;:i(:ncd to to:\ch 
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Vii'ba.l uk'ntificwtifai:: 



;ijnr>li:i. ::t a Mai Rr/.lia 



One important I'actor in tlie dec-icai of display-. Jx•L;i^•ne^l for multiple 
Iraiainc functionc in claG:jrGc::i toacliinf^ io tho kind of depiction employed 
to reprccent ccmponentc and interconnectionb'. For pm-poL-;eG of learning to 
identify individual ccinponentu or ports, realistic depiction tlirouch dic:play 
of a realistic dravinc or photocrapli (or, if more convenient, tlie actual 
ccnironent) ia obviously advantageous. However, highly sijTiplified represen- 
tation of ccnpcnents b.as been demcnstratGd by Sv/anson, Luansduine and Aukes 
(1956) to be superior in e:-nplaining functional interconnections of a system. 
Apparently, the siir^plified representation of components permits focus of 
attention on the functional interconnections by eliminating^ the distractions 
present when the ccmponents are realistically depicted. This differential 
advantage for different ferns of depiction for meetinc tlie various objectives 
of training: is a further arcuir.ont for usin^ simple, fle::ible aids which can be 
introduced or clianced as recur* r^-i at each point in instruction. 

ixtivaticnal Factor^ in Tra.:.. ..r, Jevice Desi^^n 

In tr.e foregoin^^: discussion, motivational factoids ontei'in;;^ into training 
du-vice desif:n have been :.:onticnod as th.ey were appropriate, particularly in 
relation to certain classes of device. The control of student motivation is 
sometimes a difficult problem, and assuring an adequate level of motivation 
is unquestionably essential in any training prograru iiajor factors that 
affect this motivation, however, often lie largely in the realm of situa- 
tional factors, including leadership and provision of a satisfactory student 
environment and living conditions. Thiese may be factors which can greatly 
outT/eigh those which can be directly influenced by the designer of training 
equipment. A few general co:;jnents, however;, are appropriate here. 
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. , i>.':i.vjinMe :U:an.l aM::; of .•.ttidont r.vloctim linvr boon <."<.r- 

.c-.,.L„hoa i>reota;;abl,y to enhance mot.ivatLni ):Kiy be ea- i lv ov, i-, Lwi a., i . 

^•j:- noted indeed .ane.I.e. .hen an attcupi to proit^o^iihe^'o^ a^ a ^ h 

•tier ay Uv, '-,- ^ ' n ^r — 'li.traetlona ..ay r Ja, 

bo ]c aac , 1^'=^-' •-'■"''^^•'■■t to Lhe e:a,onf.i.:,i la:,:]: 

'evicr^J'ccm- "JIm^ov"? ^^-•■^■r-,ej;iV,.:L:.: ,::o IJ vatlon tlvvt c-an be eroated by a 
• ■•lU.rr. , c,::o ;i tao r,tucu..nt i .:, fruatratod by havlnc too nuich 

1 ••■^n ■ h va h '"'-;^ ' ^^^'-^^^^--'^^ or by beinc roc„:i,red 

^■.b ul i he : h • I^^rcc.vo ..s o:a::enC,:La]. or iraporLanC for Uk. 

■h'ii- n^t n> ■ preparca. Cr.e of (he outatandinc advantaco. of 

dent*- 'iban-v nr.i rv.:- 1 ui^ii emulate thu raLu ol procrcGG to each rrlu- 

■ ^cr ' n 1 , -^^'^-^'i^^^"^ chcoklnc and correction in an 
n.xci...>njl, :iutci;;atie manner iz tint thov Hon.} n . 

or accrinnlij:hi;;ent. 



auL..i:;atiC :r.annor ic that th.oy tend to av.xLd audi f ructration- 
Ka-ico keup un the atiidept'- inter,, i- , ■ J-i Uo ui aiaon.. 

:-cr.-nnl i:-.i;-r.ni- " Ui , ...iLi aactaonc and cenca-al level 



in .rdcr'fof'r-' "^'^-^''^ .^^caaiona of training; are ncccaaary 

xn .adei for to rnaater thincc: th.at ho really needc to know for ^ucee'^'^ul 

'^"'dei^o^di;^ r'-^'T ^-^^ Erfoctivo°;.o;i;;:ior 

t.-.^'^ an^l' ^'^^^^e initially convinced that the inatruc 
e^d ?o be^';™^,t t> r ■ -^'r^'^^^^^--^ ^^^"ff-" The student may 

th^t be -l^ '^"'''^ ^'-^"^''^^ ^-^y skills :axl knowlcdce 

• -co Jftcn'^S-'^r^'f '° f "^"^^'^^ cuccescful job perfor- 
■•ll'S" ''''' acccnpliahed by cood instructor leadership, 

.l.nouch ccnetimes special "indoctrination" or "orientation" devicea vtS- 
txculoa-ly well-desicned fiLms, r.ay contribute to tlds end. ^''"^ 

^i}^' =^^^1^ ^^^y t° confound this persuasive or 
oo.vational purpose vitn a specific procedural traininc objective. Their 

llTon'^^TT ^•^^^"f °^ cinomatocraphic and artistic virtuosity 

than on a sound appraisal, based on objective evidence if possible, of the 
ttituaes, interests nicccnceptiens , etc., of the student, which my need 
to be corrected for hin to perceive the inportance and worthwhileness of 
vnat he IS bemc asked to learn. In addition, their effectiveness is 
likely to be prir^.^rily deterr.iined by skill in presentinc inforr.iation that 
xosters the desired attitudinal and motivational objectives. The desl^^n of 
3ucn persuasive r.essaces is Generally not within the province of the designer 
ox trainmc equirrent. However, interested readers nay find cone part inen? 
Guidelines m recent work on factors affectinc persuasion and attiSS 
Ho^Snd (^57) ""'^ r-ublications by Hcvland, _ Janis and Kelly (1953) and 
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SvjmiK-'.i'y 



1. The di:-advanta(30o oi* clucc^i'Oc:;i Icctui-^o-demonutrat ion ;»g a 
incthcd of Instruction can be partly cffcict^ vLere it is to 
be uGed^ by inakin/^ provicion for a maxiinujn of active stu- 
dent resi^ondiiW^. This can insui'c relicarsal of important 
a;:pect/; of the L'ubject and can detect and correct errorc 
u-rcmptly. Careful desi[^n of instructional exercises^ pro- 
viL-ion for suitable modes of student response^ and prompt 
feudbacl: to students are essential to tlie success of sueh 
procecLures, Usin^^ devices which also provide an iiranediate 
record of student response to the instructor can help him 
in clarifyinij hxs i:)resentation« 

2. Ti'youc of all fori;is of training devices in preliminary or 
pr o t o t yp e f or m to d e t er m i n e emp irically ho v they t e a c h 
a sample of students can result in greatly improving the 
effectiveness of the final device. Often^ relatively crude 
preliminary forms suffice quite well for this purpose • 

■3. Glici: "polish'" and fancying up of training devices is likely 
to contribute little or nothing to their training effective- 
ness^ and may even have adverse effects. Student motivation 
is less affected by such frills than by a satisfactory 
training environment^ competent instructors^ adequate 
orientation^ and sound procedures that permit the student to 
progress toward mastery of his subject and to keep up his 
aT/areness of acccmplishjTient . 

h. Gpecific motivational procedures need to be based on sound 
appraisal of the interests and misconceptions of students, 
and should take into account available guidelines on effec- 
tive techniques of persuasion and attitude formation. 
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Procedures In the Design of Training Devices 



Mc.ior GtepG Required 

A losical outline for the deciGn of traininc devices for a given job mirht 
ccmprice the folloi.'in^ nnjor stepc: 

1. Determine in detail the hur.ian perfomance requirements for the job. 



P. 



Foir.ulate traininc requirements in terms of the new knovledees and 
specific skills that will need to be acquired, takins into account the 
criaracteristiCG of the persons to be trained. 

3. Plan a total nprooran of trainins thrcush which trainees can master these 
skills and kncwledces to the level of proficiency required for successful 
job perf oiT.iance . 

h. Peterr.iine the locistic requirements for a combination of instructors, 

lacilities, traininc devices and t; Inine materials that will accomplish 
tnis procram. 

5. Devise mock-up or tentative prototype devices, and provisional training 
procedures. Give these a full try-cut, using trainees as similar as 
possible to those for whom the final trainine is intended, and assess 
the outcomes in terms of proficiency attained and time required for 
training . 

6. Revise the devices and procedures to correct deficiencies. Try-cut 
the revised procedures as necessary to demonstrate that they will do 
the job, as determined by valid and reliable measures of performance 
(see Cha.pter 13). At this point, re-engineer the devices for 
reliability of operation, ease of maintenance, and (if required) 
quantity production. 

Note that the desicn of training devices themselves forms only a part of 
this outline, ajid enters only in the three last steps. The reason for this is 
that othen^ise there is no way to assure that the devices mil fit into a total 
program of developing the personnel capabilities required for the performance of 
a job. The major steps identified above obviously do not define detailed pro- 
cedures lor the design of training devices; they merely provide the framework 
withm which such procedures can be developed. Situations for which t-ainlng 
devices need to be designed differ so T7idely that no rigid prescription is 
possible that will fit all . ^s. However, most of the procedures and guide- 
lines suggested here can b^. •. pted or modified to meet ST^ecific cases, drawing 
cn concepts and specific dev characteristics that have/ ceen illustrated 
throughout this chapter. 

The guidelines given below are based on the situation where the designer 
is given responsibility for the design of all the training devices and supporting 
materials needed to train a man to fill a particular position in a complex 
system that is under development. Here there is usually a fairly definite - 
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production tiinetalDle that specifies when the traininc devices \t111 need to "be 
ready in quantity icr training a c^iven numher of men to fill this position. This 
calls for careful scheduling and procurement planninG^ in addition to the ^asic 
design prohleris of determining what training-device configurations will do the 
needed job of training. 

Successive approximation . Detailed steps of procedure, and even the gross 
steps outlined here, usually can not "be followed completely in a prescribed 
order. This is "because early estimates of one aspect of the total plan — jo'b 
performance requirements or selection standards^ for example — usually are su'bject 
to change. Changes in one aspect will inevita'bly require changes in others, 
Gince the preliminary estimate of needed training-device characteristics ordi- 
narily cannot await the final redetermination of performance or manning require- 
ments, what is usually needed is a series of successive approximations . While 
these are "being carried cut, provisional desigji and procurement actions for 
training devices should be initiated as early as necessary to insure that the 
means for providing trained men will "be ready when needed, even though con- 
siderable redesign may "be necessary as requirements change. This process of 
successive approximation will be assiimed in what follows. 



System Inr^uts to Training-Device Design 

Determining of perform.ance and training requirements should normally be 
acccmpliohed prior to the design of training procedures and devices. Sometimes, 
however, all the necessary information is not made available. In this case, as 
a training-device d<^signer ycu should yourself try to estimate performance 
requirements as well as possible, checking these estimates in consultation \n.th 
available sources of inf onnation. In doing this, try to anticipate not only 
what hurian outputs will be required, but also: (l) the way job knowledge require- 
m:ents will be affected by the availability of job aids; (2) the baseline from 
which training will start, in terms of prior capabilities on which training can 
be built; and (3) the specific prerequisite competences vrhich will be achieved 
through phases of training other than that for which you are responsible. 



Analysis of Traininr-;-Device Requirements 

Classify the skills and knowledges required into the major types of training 
objectives outlined in this chapter: (l) identifications to be learned, (2) 
principles to be learned (those actually needing to be used in job operations), 
(3) procedural sequences to be followed, (k) diagnostic problems to be solved 
and other decisions the trainee must learn to make, and (5) motor skills needing 
to be acquired and practiced. (For some jobs, there may be no entries under 
one or more of these classes.) List under each category the specific instances^ 
first in broad groupings. Later break this doim into finer detail. The final 
list should be such that it completely defines the set of performances which a 
prcf?.ciency test should assess to re\-eal whether a man can actually do the job. 

In working out device requirem.ents for these categories of training objectives, 
it may be well to start with the last one (motor skills) and work bacto/ard. The 
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reason for this sucgestion stems from the lilcelihood that the latter categories 
will require operational e^quipment components that have a long production lead- 
time • 



Preliminary Tesifrn Estimates Having Logistic Implications 

For each major set of item£; under each class of objectives: 

1. retemine those vhich must be taught on operational equipment or a 
siir,ulator (e.g., complex mutor skills), and those which— considering 
the number of men to be trained— can most economically be taught through 
practice on operational equipment. 

2. Detemine those vhich-particularly in the class of identification 

■ raining rjid preliminary training of fixed procedures— can be taught 
ty use of photographs, drawings, simple replicas or partial components. 

3. Determine those— particularly for learning of principles— for which 
verbal and symbolic materials to give extensive symbolic practice 
are needed. 

h. reteimine those which require synthetic devices to provide sufficient 
practice in a variety of relatively seldom encountered situations— 
e.g., troubleshooting or emergency procedures. Design these tentatively 
and on this basis estimate the number of production-line equipment com- ' 
ponents, large or small (from laiobs to amplifiers and servo systems) 
tnat mst be allowed for in production schedules. 

5. For training that requires production- equipment units or components, 
indicated in items 1, 2, rnd k above, specify the training procedures 
to be lollOT/ed, estimate : on the basis of past experience in teaching 
similar procedures) the amount of time needed to learn them to an 
acceptable criterion of mastery, detemine the number of men to be 
trained, and thus detemine the total number of units and components 
needed. Then order these as early as necessary to assure they vri.ll 
be available (but not sooner, as your estimates will be subject to 
later revision) . 

6. Do similarly for non production-line items required in 2, 3, and k 
when needed as a Li-sis for procurement. 



Further Steps in Device resign and Development 

Now proceed to work out in detail the materials, devices and procedures 
needed for training, construct mock-up materials, try these out in actual 
instruction, and revise the designs for production. Coordinate your planning 
as fully ae possible v/ith the work of others engaged in the planning and design 
oi handbooks, other job aids, and performance assessment devices. This will 
assure compatibility of tenr.inology, and of representations and coding in diagrams 
and other visual aids, as between handbooks, training device displays, and other 
training materials. ' 
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Workinf; gssuripticnG in developing detailed designs . As a "basic operatinc 
principle, uoiic on the initial acsuinption that all training is goinij to he 
acccnpliched thrcuch individual student practice on an appropriate program of 
exei'cises. Later it r.iay he necescar;]^'' to depart from this working assumption, 
for various reasons, and resoii: to classroom-pi-esentation methods. But starting 
with this assumption irlll have tvo advantages: (l) if carried through, it will 
result in' superior training, and (2) even if not, it will force you to pay 
attention to the conditions necessary for on individual student to practice 
and learn each thing he iriust master, thus avoiding the fallacy that what is 
presented will necessarily he learned. 



Seme procedural Guidelines for Trouhleshooting Training Devices 

1. Start hy siinplifying the requirem.ents for trouhleshooting training 

as much as postiihle hy devising procedural! zed trouhleshooting guides 
or similar j oh -information aids which can he made availahle for use on 
the joh. Determine the extent to which these can he used to locate 
most of the cciranon, easily-identified malfunctions \n.thout need for 
extensive education on system principles, especially if location of 
the ir.ore elu^Jive malfunctions is turned over to a small numher of 
highly trained teciinicians hy a Joh shred-out procedure. 

2. For the teclmiques and strategies of malfunction diagnosis that men 
must learn to devise on the joh, assure sufficient practice in the 
interpretation of malfunction symptcm.G, £md practice in making the 
decisions needed to choose effective courses of action. 

3. Dttcrr.iine v/hether to provide this practice through one or hoth of two 
type:: of tx^aining device: (a) ''harrlirare" trainers using simulated 
plur-in units, and simplified indicators and controls (see p. 2^6), 
in which the effects of a wide range of malfunction conditions can he 
readily inserted for the student to diagnose; and (h) programmed 
exercises in s;ymholic foim (see pp. 252 ajid 321). Design or select 
suitahle devices in these categories. 

Consider the design of com.posite devices (see p. 253), in which 
readily reprograir:-.:ed prohlem-and-inf ormation presenting devices are 
coupled v;ith simple mock-ups of the external configuration for a 
particular system hy use of coded inputs. 



Guidelines for Designing Procedural Trainers 

1. Try to reduce the sheer memory requirements for recalling lengt-hy 
procedural sequences hy assuring the availahility of suitahle joh 
aids, and design training to prepare men to use these aids effectively. 

2. For effective teaching of all sequential procedures required on the 
joh, hrealc-doT/n lengthy tasks into shorter ones and design explicit, 
pictorialized step-hy-step instructions that can "be readily followed 
if hasic identifications and unit skills have heen taught. 
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3. ir pos3il?le^ tratislcite tiioce Into t^tep-by-c cep filmed denicnGtra fcionc 
that are deciuned to ollcv iirx:ediate praatice\.fter each step of the 
■.lenonstration^ preferably on an individual Lasis or, if necessary, cn 
a clasG "bac-is . 

h. In providing irrip3er:entn for ijuided prr.otice of procedures, utilize, 
wherever pocsiole, incomplete ccnii: .nent:3, surface mcclc-ups, or in- 
expensive replicas, reser^/in^ t}:.e use of f-.mctioni.^^- equipment primarily 
for those procedures which iirpoGe the need to respond to complex displays 
or to learn the ^^ieel" cf the response • Ohtain the units, ocmpcnonts 
or replicas in qu?jitities that i;ill allcir for sufficient intensive 
practice to assure 'overleaminG" of crucial operations. 

5. For ccraplex procedures, deteri:iine whether it is nore economical to 
prcvi 'e adequate practice ?nd feedhach through a corahination of 
siinulated and real components, using special circuitry^ or to use 
operational equiirr.ent. In designing such equipment, determine where 
substituting of simple 'go/no-go" indicators to indicate equipment 
conditions irlll reduce cost without materially changing the critical 
elements of practice. 



esinn Step s for Uevices to Teach Principles and Relationships 

1. As the first and most hasic step, identify those principles vhich will 
actually need to he applied in performing joh activities • Spell these 
cut in detail. Ignore principles that underlie the physical functioning 
of the equirment unless these will help to moice decisions or to recall 
procedures needed on the joh, 

2. Design training equirment ajod materials to tie in ^Tith procedures that 
will afford practice in recognizing the application of the principles 
identified, and in actively employing them as a guide to joh operations. 
In doing so^ first develop a program of exercises to provide this 
extensive verhal or si^'mholic manipulation^ then develop the displays 
and devices for controlled presentation and checking of the exercises 

to individual trainees, utilizing self -instructional devices (see 
Chapter 12) if possible. 

3. If you are dealing with a highly complex system, try to make an ex- 
haustive prior analysis and systematic tabulation of the multiple 
interrelations among malfunction conditions, mode of operation and 
output indications. Use this as a hasis for designing training 
exercises cjid devices for troubleshooting, as well as for identifying 
relevant principles that may be applied in troubleshooting or other 
operational decisions which the trainee will be called on to make. 
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Guidelinec Tor Teachin : of Identii ici^tionc 



1. Foi' eiTective learnin^3 of the nuiiiercus identifications likely to "be 
I'equired in pcrfoming each tasl:^ insure controlled^ active practice 

"by students ; rather than mere presentation. Either use self-instinctional 
devices vith suitable proGi''^'!nis of material or provide materials suitable 
for use by the coach-and-pupil methods^ usinc simple aids such as 
photo;;;raphs ^ dravin^s^ and printed labels and lists. 

2. Cesi^^n practice materials and schedules so that they talce account of 
the direction of assov^.iation required in job activities (see p. 230). 

3. Include in these procrams the basis for teaching laaoT7led(^e of all 
required "facts" by similar practice on the basic one-to-one 
identifications to which they may be reduced. 

Thcurrh ycu m.ay have left the preparation of identification training 
devices until last for logistic reasons^ do not minimize the importance 
of this phase of training^ on which the success of later phases of 
training vill often heavily depend. 

Empirical Try-out of Training; Devices 

A most important step v^hich should never be omitted is the tryout of all 
forms of training devices in preliminary or protot;^T^e form to determine empiri- 
cally how well they teach a sample of students. Time to accomplish this should 
always be allowed^ as it can result in greatly improving the effectiveness of the 
final training devices. Often it \:ill suffice to use relatively crude prelimi- 
nary forms of the devices for this purpose--employing, if necessary, supple- 
mentary instructors who may later be replaced by partial automation of functions 
they perform dm^ing the try-out (see pp. 280 and 325). 

In selecting the men to be traincid in t?ie try-out^ err if anything on the 
side of including seme men with scmewhat less aptitude and experience than 
those you expect will later have to be trained operationally. However, after 
the try-out, determine whether the extenc -co which the training requirements 
could be reduced if higher selection staniards v/ere used^ or if there i^ere 
better job aids or job structuring. You m--..y then \rlsh to determine whether it 
is feasible to change selection requirements or job conditions to reduce 
training needs, rather than adding to the resources needed for a training 
effort -/hich could be simplified by one of these means. 
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